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IRRADIATION OF MAMMARY CANCER, WITH 
SPECIAL REFERENCE TO MEASURED 
TISSUE DOSAGE * 


BURTON J. LEE, M.D. 
GEORGE T. PACK, M.D. 


EDITH H. QUIMBY, M.S. 
AND 
FRED W. STEWART, M.D. 


NEW YORK 


Carcinoma situated in the breast has certain physical advantages for 
treatment by irradiation. The mammary gland is superficial enough so 
that any tumor in its depth may receive a considerable percentage of the 
energy from external sources of radiation. The accessibility of the 
breast permits a reasonably correct measurement of the tumor, an 
accurate estimation of the dosage and the proper implantation of radio- 
active foci. The reactionary phenomena following irradiation of the 
breast are of little moment and are seldom complicated by sloughing and 
infection, which are frequently present in tumors of the respiratory, 


genito-urinary and alimentary canals. The loss of mammary function 


is relatively unimportant to patients with carcinoma of the breast, since 


1 


their average age is slightly over 50 years. Irradiation of mammary 

cancer does not contraindicate subsequent mastectomy; therefore the 

opportunity is afforded to apply various methods of irradiation, to 
uputate the breast, to study critically the histologic changes produced, 

ind in certain cases to employ irradiation in proper dosage as the sole 
thod of treatment. 

Opposed to these advantages are certain undeniable handicaps to 
successful irradiation in cancer of the breast. The majority of mam- 
cancers are relatively radioresistant. The thick fat envelop of the 

s an extremely poor reactive tissue bed, which contributes little 

vay of productive inflammation and fibrosis toward the destruc- 
carcinoma by irradiation. The delicate and moist skin of the 
nd sulcus of the breast will not tolerate much external irradiation. 


reast cancers metastasize widely before any treatment has been 


nitted for publication, April 17, 1931. 

the Memorial Hospital for Cancer and Allied Diseases. 

before the Section on Radiology at the Eighty-First Annual Session 
erican Medical Association, Detroit, June 25, 1930. 
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instituted; in such an event it is just as important (although mor 
difficult) to destroy the metastatic carcinoma as it is the primary lesion 

We shall trace the evolution of methods of radiation for mammar 
cancer at the Memorial Hospital through the periods devoted to external 
irradiation only, the interstitial use of glass-filtered radon seeds. th 
employment of puncture by platinum-filtered radium needles, to th 
present mode of external irradiation followed by the interstitial deposi- 
tion of gold radon seeds. Since July, 1929, 130 patients with primary 
operable and inoperable carcinomas of the breast have been treated by 
measured tissue doses of irradiation, expressed in terms of skin 
erythema units. The patients were divided into various groups; some 
were treated by roentgen rays only, others by external irradiation with 
the + Gm. radium element pack, others by interstitial irradiation alone, 
and still others by various combinations of external and interstitial irra- 
diation. In the primary operable cases, most of the breasts were 
removed, with the axillary contents, at variable intervals after the com- 
pletion of treatment, and multiple and whole sections of the breast were 
subjected to careful microscopic study. This material afforded oppor- 
tunities to judge the radiosensitivity of carcinomas of the breast in terms 
of biologic units of measurement, and finally to study the tissue changes 
produced by the different methods of irradiation. 

Until recently, trial of the curative power of roentgen rays and 
radium had been limited largely to recurrent and primary inoperable 
carcinomas of the breast, which accounts to some extent for the slow 
progress in the methods of radiation therapy for mammary cancer. 
Although for one reason or another, in the past a considerable number of 
patients with primary operable carcinoma had been treated by irradiation 
alone, a carefully measured dosage had not been made, and _ the 
significance of histologic changes could not be evaluated. This infor- 
mation was obtained in the present study. Therefore we may generalize 
by saying that there is no phase or variety of this disease, operable, 
inoperable, recurrent or prophylactic, in which one may not make ust 


of irradiation on a basis of accurate knowledge of treatment factors 


\. PRIMARY OPERABLE CARCINOMA OF THE BREAS! 

It is generally recognized that in the beginning cancer of the breast is 
a local disease, but that it remains localized for a comparatively short 
period. For prognosis, it is insufficient to group primary operable 
mammary cancers together without statements relative to the age of the 
patient, the presence of lactation, the rate of growth of the tumor, the 
size of the primary lesion and the presence or absence of homolateral 
operable metastases to the axillary lymph nodes. Lee formulated 


clinical index of malignancy, based on these factors, which we shall ust 


throughout our tables in lieu of more complete clinical data. Numerical 
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values are assigned to these various factors; the summation of these 
sures serves to divide the primary operable carcinomas of the breast 
“ate three arbitrary groups: (a) slightly malignant (relatively benign), 
5) moderately malignant and (c) highly malignant. 
The clinical diagnosis of carcinoma of the breast is seldom wrong, 
vet when a new nonsurgical method of treatment is under investigation, 


+ is essential, for statistical purposes at least, to confirm the diagnosis 











a 





Section of a specimen of mammary cancer taken at biopsy by aspira- 
hod of Martin and Ellis of the Memorial Hospital. 


by microscopic examination. In the cases in which subsequent mastec- 
tomies are contemplated, preliminary biopsies are unnecessary. When 


ieee 
la 


diation is the only treatment planned, the biopsy is obtained after 


external irradiation has been given and before interstitial irradiation has 


Simple and safe methods of biopsy in use at the Memorial Hos- 

the aspiration of these tumors through long, 18 gage needles, 
those perfected by Martin and Ellis, cr punch removals of tiny 
of the carcinoma, followed by electrocoagulation of the needle 


s devised by W. J. Hoffman. 
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METHODS OF IRRADIATION AND SURGICAL INTERVENTI 

In the management of primary operable carcinoma of the breast }) 
irradiation and surgical intervention, there are at least seven possibj 
methods. 


Surgical Intervention Alone—The type of radical mastectomy performed at 
the Memorial Hospital is a modification of the Willy Meyer- Halstead technic 


A long, oblique, elliptical incision, encompassing the skin 2% inches (6.3 


cm 
beyond the palpable margins of the tumor, is made from the junction of th 
pectoral fold with the arm to a point 2 inches (5 cm.) below the costal margin 
soth pectoral muscles are removed, and a careful, wide dissection of the fat and 
fascia underlying the flaps of skin from the midsternal line to the latissumus 
dorsi is made. As far as is practicable, the dissection of the axilla is carried out 
from the apex, above and without, downward and inward, along the axillary 
vein ; en masse removal is accomplished of the axillary contents, pectoral muscles, 
fascia, mammary gland and skin, the dissection ending below with a removal 
of fascia covering the rectus muscle. Few instances of local recurrence follow 
this complete operation. Following radical mastectomy, the percentage of sur- 
vivals for five years without evidence of cancer is practically the same (35 per 
cent) in the leading surgical clinics of America and Europe. Improvements 

operative technic do not promise decided betterment in the end-results. Surgical 
intervention alone cannot cope satisfactorily with the problem of mammary cancer 


External Irradiation Alone—Roentgen rays or radium applied at a distance 
from the breast are only adjuvant measures, preliminary to the more radical 
procedures of interstitial irradiation or surgical intervention for the primar 
operable carcinomas. The amount of radiant energy reaching the depths of thes 
tumors of the breast has always been insufficient to produce a lethal effect. As 
will be seen later, the physical measurement ef the dosage delivered by  thesé 
methods reveals why external irradiation alone can induce only growth restraint 
without sterilization of the carcinomas (table 7, patients L. R. and E. B.). 


Interstitial Irradiation Alone—The proper intratumoral espacement of radi 
active foci in sufficient dosage may destroy the carcinoma, but the method 
introducing the radium by puncture is theoretically fraught with the danger 
of disseminating the carcinoma cells. Furthermore, a slight error in the distr 
bution of the radium in the tumor conceivably might permit certain of the 
carcinoma cells to survive. 


External Plus Interstitial Irradiation—When these two methods are employed 
consecutively, the external always precedes the interstitial irradiation. The menac 
of dissemination of the disease by the interstitial method is presumably lessened b) 
preliminary external irradiation. This is the present procedure of choice tor 
primary inoperable carcinomas of the breast, and when perfected may supplant 
surgical intervention as the ideal treatment in the primary operable group. By t! 
method, the cosmetic and functional end-results in the breast and axilla 
superior to those following surgical intervention. Hitherto, the only primar 


operable carcinomas of the breast purposely subjected to this treatment have bee! 


} 


yetes 


those that occurred in patients who had intercurrent diseases, such as dia 


cardiac ailments and tuberculosis of so serious a nature as to contraindicat 
operative removal. Occasionally, the patient has absolutely refused to  sacrifx 
her breast by amputation, in which circumstance the surgeon has elected the con 
bination of external and interstitial irradiation as the only alternative. Sufficient 


time has not elapsed or experience accumulated to encourage the routine 
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treatment, but because of our histologic studies following the proper 
. of this treatment, we are optimistic concerning its possibilities. 
ial Irradiation Plus Surgical Intervention—With the proper dosage 
correct interval before mastectomy, the combination of interstitial irra- 
plus operation affords a certain surety of destruction of the primary tumor 
We have never observed any ill effects attributable to this method of 
nt, although the theoretic dangers of the dissemination of cancer obtain 
. absence of preliminary external irradiation. 
nal Irradiation Plus Surgical Intervention—This method has been the 
tal treatment for primary operable mammary cancer during the last few years 
\Memorial Hospital. The percentage of survivals for five year periods, 
ithout evidence of cancer is only about 5 per cent better than that by surgical 
intervention alone. Nevertheless, that preoperative external irradiation is of value 
is proved by the occasional marked regression in tumors so treated, by the histo- 
vic changes produced and by the better clinical end-results. 
External and Interstitial Irradiation Plus Surgical Intervention—We are 
reating patients with primary operable mammary cancer at present by external 
irradiation, then by interstitial irradiation followed by radical amputation six 
veeks or more later. The patients treated by measured tissue doses and by radical 
surgical intervention have not received postoperative roentgen treatments, as it 
as decided that the addition of such a procedure might invalidate the end-results 


i these clinical studies. 


PREOPERATIVE EXTERNAL IRRADIATION 


\n efficient devitalizing dose of irradiation cannot be delivered by 


external irradiation alone, except in the case of certain unusual ana- 


plastic cancers of the breast. The basis for the use of preoperative 
external irradiation depends partly on clinical experience and partly on 
histologic evidence. We have had ample demonstration at the Memorial 
Hospital that many cases of mammary cancer show a partial regression 
within from a few days to a few weeks after external irradiation, and 
hat the occasional radiosensitive carcinoma may disappear. This dimi- 
in size is the rule rather than the exception. Tumors 
better defined, and in some of our inoperable cases in 
hich fixation to deeper parts had formerly been present, definite 
bility has been obtained. In general, the more highly malignant the 
the greater the radiosensitivity and the more extensive are its 
| evidences of regression. In this manner, irradiation may serve 
herapeutic test of the malignancy of a carcinoma. One does not 
this regression with such radioresistant tumors as the scirrhous 
ttuse duet carcinomas of the breast. Our clinical experiences 
ly favor the use of external irradiation prior to interstitial irra- 
and operation in the attempt to convert, temporarily at least, a 
ng tumor into a regressive one. 
1920, the only roentgen-ray machines in use at the Memorial Hospital 


ot the so-called low voltage type. The whole breast and adjacent 


re divided in four r Six areas, each area being treated on successive 
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or 


treatment was given 
The set-up for 


alternate days, until all had been irradiated. In some instances, this 
for months, with little or no intermission betwe: 
delivering the dose was as follows: a peak voltag: 


between 120 and 155 kv., 5 ma. of current, from 2 to 4 mm. of alumin 


a 


of 
minutes, the target-skin distance increased to 9 or 10 inches (around 2. 


but the number of 


focal distance of from 8 to 834 inches (around 21 cm.) and a treatm 


from three to six minutes. Later the time was lengthened to seven 


aluminum filters was unchanged. Then, in 1921, th: 


included a peak voltage of 140 kv., 4 ma. of current, a filter of 4 mm. of 


num, a target-skin distance of 12 inches 
minutes and an average portal of approximately 300 sq. cm. 


(30.48 cm.), an exposure of 
In 1922, 


same peak voltage of 140 kv., 4 ma. of current, 5 mm. of aluminum fit 


portal of entry of the same size were used; the target-skin distance was increas 


This set-up 


to 15 inches (37.54 cm.) and the time to twenty-five minutes. 
still in use, especially for postoperative roentgen treatments over the lower port 
i the anterior and lateral area of the chest. 

\ll preoperative roentgen treatments are 
machines with the following factors, 200 kv., 30 ma., 50 cm. target-skin distan 
2.5 mm. of aluminum. 


now given by the high volta 


and a filter of 0.5 mm. of copper and 
The early “pack” for external radium therapy was constructed with a rad 
area of 70 sq. cm., and a filter of 0.5 mm. of silver and 1 mm. of brass, 
is the filtration equivalent of 2 mm. of brass. The radon pack carr! 
amount of emanation varying from 1,200 to 2,500 millicuries, and was 
at a distance of 6 cm. from the skin for an average dosage of 12,000 mill 
This applicator has been largely supplanted by the present radium 


hours. 
radium. The radium-skin distance is 6 cn 


pack, which contains 4 Gm. of 
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0.3 mm. of platinum and 1.5 mm. of brass. For therapeutic purposes, 

rage dose is 16,000 milligram hours. 
usual cycle of irradiation of the breast, whether by high voltage roentgen 
. - by radium element pack, consists of four exposures, namely, the first two 
mn the breast proper and the last two over the axilla and supraclavicular regions. 


he first treatment over the breast proper is given in front and the second from 
side. thus an additional portal of entry for cross-firing is used, thereby almost 


tne 

loubling the dose to the tumor and its environment. When the breast is small, 

the treatment by radium element pack can be given over only one area on the 

breast. It will be noted that the supraclavicular treatment augments the amount 
irradiation to the apex of the axilla. 


The radium element pack and the high voltage roentgen rays are dif- 
ferent in their modes of application and in the results produced. The 
roentgen rays are more economical when a large number of patients are 
to be treated, because each dose may be given in from fifteen to sixty 
minutes. The radium element pack is a single applicator, and requires 
four hours to deliver a dose when placed at the usual distance of 6 cm. 
from the skin. This increased time of exposure is probably an 
advantage, as we shall explain when we consider the time factor. 

With increasing filtration and higher voltage, there is a possibility 
that the effects of the roentgen rays will approximate the results pro- 
duced by the gamma rays of radium. Under the present circumstances, 
however, these two closely related forms of radiant energy seem to 
produce different histologic changes in the carcinomas. In irradiated 
breasts, Ewing early observed a preponderance of injury and reaction in 
the connective tissue (mucinous swelling, fragmentation of collagen 
fibrils, interstitial hemorrhages and vascular changes) from roentgen 
rays and more direct injury to the tumor cells from radium. He stated 
that, “roentgen-rays have not vet reached the hardness upon which selec- 
tive action appears to depend. There may be advantage in combining 
roentgen-rays and radium in the treatment of tumors.” 

I\wing’s suggestion of the value of combining the two methods of 
external irradiation has been under trial for several years at the 
Memorial Hospital. Our experience in the treatment for mammary 
cancers has afforded clinical verification of the soundness of this theory. 
lt is assumed that this apparent potentiation is due to the different 
effects of the gamma and roentgen rays on the carcinoma and its tissue 


vd. Apropos of this clinical observation, Quimby and Pack conducted 


series of experiments which showed that the production of skin 


ema by a half and half combination of gamma and_ roent- 
vs required a total of 30 per cent more radiant energy than was 
red when either was employed alone. The result of this experiment 
be applied to the treatment for cancer, since the cancer as well 
skin may tolerate the increased quantity of irradiation afforded 


lelivery of an erythema dose by this combination. As Ewing has 
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inferred, however, these two agents do not seem to act by a sun 
of this effect, but chiefly by direct action on the tumor cells in t 
of the gamma rays and indirectly by changes in the tissue be: 
case of roentgen rays. 
The order of sequence of the radium and roentgen treatments is not 
an indifferent matter. When the combination is employed, the roentge; 


treatments should precede the irradiation by the radium element pack 


(table 12). The reactions in breast tissue following roentgen treatment 


appear later than do the changes produced in the tumor cells by the gamma 


rays. Another argument for this order of employment is based on th: 


ABLE 1 ‘ercentage of Variations in Depth Dosage with Va 


of the Field * 


Size of Field, Sq. Cm. 


Depth, Cm. 3 5 7D 100 
0 100 
64 67 


10 26 2 rl 


The dose or skin was constant at 100 per cent S. E. D. 
Paste 2.—Depth Dose if the Skin Always Receives a Dos 


for al00 sq. cm. Field 


Size of Field, Sq. Cm. 


Depth, Cn 5 rf) 100 


0 é O7 100 


6 
‘ 


10 


experience gained in treating patients with malignant neoplasms in other 
locations, in which radium has proved successful after the roentgen rays 
have failed, and in which roentgen therapy has failed after radiun 
treatments have been insufficient. 

Particularly when the roentgen rays are employed, a large area of ski! 
is exposed at each treatment. In the average case, this area measures 
15 by 15 cm. The reasons for using such a large area are numerous 
Che first is that the entire diseased tissue and the surrounding 
normal tissues may be fully irradiated, for if one limits irradiation onl) 
to the palpable tumor, in some instances, an outlying nonpalpable cancer 
may escape control. Another reason for selecting large areas is that 
the larger the skin surface, the greater will be the depth dos 
because of the augmentation of this dose by the scattered radiatior 
produced. In small breasts, this extra amount of scattered irradiation 1s 
negligible because of the small skin portals employed. The variations 


in dosage caused by this factor are shown in table 1. 
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tray is a small external applicator for radium therapy ; it con- 

rains radon at a distance of 3 cm. from the skin. The radiating surface 
measures 24 sq. cm. and the filter is 2 mm. of brass. The average 
dosage is 3,000 millicurie hours. This applicator is used chiefly for 
single, small, fixed recurrent nodules of carcinoma, although occasionally 
it is employed as a preoperative measure for small mammary cancers 


situated superficially at the periphery of the breast (table 11, patient, 
N. J.). 

In light complexioned patients, especially in those with reddish hair 
ind ruddy complexions, a skin erythema develops more readily than in 
‘runettes. In treating the former, a dosage less than the average should 
be planned and given, or damage to the skin may follow. On the other 
hand, an erythema develops less readily in anemic and undernourished 
persons than in the average patient. 


THE TIME FACTOR IN PREOPERATIVE IRRADIATION 
Preoperative irradiation delays operation. Objection may be raised 
to such delay on the ground that it may permit extension of the disease, 
hut it appears probable that carcinoma subjected to irradiation even by 
external methods alone is less likely to metastasize. 


Moreover, we 
believe that when a tumor and its drainage areas have been properly 


irradiated by roentgen rays or the radium element pack, neoplastic cells 
dislodged during the subsequent operation are less likely to remain 
viable, and thus the menace of recurrence is diminished. After inter- 
stitial irradiation, the interval of time before mastectomy 1s still greater, 
because of the persistent radium reaction. The radon deposited within 
the breast has an exponential rate of decay, less than 6 per cent remain- 
ng at the end of thirty days. The irradiation, therefore, by this inter- 
stitial method is continuous, but with diminishing intensity. 

\With regard to the factor of time, there are three principal methods 
irradiating mammary cancer. 


or 


lhe Single Efficient Killing Dose —This dose cannot be delivered by 
external irradiation, because the skin of the breast will not tolerate an 
exposure of a sufficient amount to deliver a sterilizing dose to the depths 
of the tumor. Interstitial irradiation is the only method known at 
resent that furnishes sufficient intensity to destroy the average cancer 
t the breast. 
Prolonged Single Treatment by External Irradiation—The 
ple of this method was established by Régaud at the Curie Institute 
University of Paris. It is generally accepted that in the course 
existence, a cell or a line of cells (cancer cells especially) pass 
alternating phases of radiosensitivity and radioresistance. The 
particularly radioresistant when they have been in a state of 
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repose or rest tor a long time. They are most sensitive to th 
of radium or roentgen rays when they are in a state of mitosis or i 
cell division (law of Bergonié and Tribondeau). A short tre; 


therefore, would destroy only the cancer cells that are dividing 


time; it spares the others. As the mitotic cycle continues, the various 


resting cells divide and thereby come under the influence of continuous 
irradiation. In the treatment for mammary cancer at the Memorial Hos- 
pital we have not applied this form of irradiation. Part of the superiorit 

of the radium element pack may be attributed to the fact that the tim: 
consumed in treatment is from four to twenty times as long as wher 
the roentgen rays are used. The radon deposited in gold seeds within 
the tumor is constantly active for twenty-four hours daily, so th 
advantage of the interstitial method may be due to its continuous actior 
as well as to the intensity of the irradiation. The time of administering 
a dose of irradiation may vary within wide limits without modifying the 
degree of tissue reaction or tumor response, providing the treatment does 
not consume a period equivalent to the life cycle of the normal or cancer 
cell. Comparative studies on the efficacy of different intensities of radia- 
tion in the treatment for cancer are of value only when the duration of 
exposure in the one experiment is greater than the life cycle of th 
cancer cell, and the duration of exposure in the other experiment (i. €., 
greater intensity ) is less than the life cycle of the cancer cell. 

Ewing considered the prolonged single exposure by external irradia- 
tion as the ideal, selective, nondestructive form of radiation therapy, 
designed to kill dividing cells and to induce gradual atrophy of the tumor 
cells, but he admitted that its chief indication is for palliation of advanced 
inoperable or recurrent cancers. 

Fractionated Dosage-—Tlis method should never be used in the 
treatment for operable carcinoma of the breast. The principle under- 
lying its usage has been defined by Ewing as “the cumulative effect 
of successive doses delivered upon cells rendered vulnerable by the 
hyperemia and degeneration excited by previous doses.” Fractionated 
dosage applies only to external sources of radiation; when interstitial 
irradiation is used, the entire amount of radon is introduced at on 
time. Fractionated dosage by roentgen rays or radium element pack 
is often suitable for advanced mammary cancers in which abortiv 
fibrosis and growth restraint rather than a cure are expected. .\mong 
the many disadvantages of this method are the severe tissue reactio! 
induced, the prolonged delay if subsequent mastectomy is contemplated, 
the impaired healing of the operative wound because of the fibrosis and 
impoverished blood supply, and the acquisition of increased radi 
resistance by the carcinoma. 

The entire radiation therapy should be given within three weeks 


A prolongation of this period not only renders the radiation less effective, 
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is the probable complication of acquired radioresistance, which 

< as important a factor as the tissue dose. In order to appraise the 
et of irradiation, it is necessary that the time consumed be fairly 
\s a rule eight days are required for the average cycle of 

een treatments for the breast; the same exposures by the radium 

k are given within a ten day limit. [External irradiation is preferably 
‘ollowed in a day or two by the introduction of the gold radon seeds 
the breast and anilla. The radon thus deposited within the breast 
ontinues to irradiate the tumor but with diminishing intensity, so that 
most of the activity is spent during the ensuing fortnight. There is 
some (ut stion in our minds concerning the relative effectiveness of 


ytd 
LiLicit 


wis irradiation by radon with an exponential diminution in 


ntensity, as compared with radium element used interstitially, with a 


nstantly equal intensity during an equivalent continuous period. 


PHYSICAL PRINCIPLES UNDERLYING THE ESTIMATION OF 

TISSUE DOSAGE 
\ny intelligent discussion of the effect of radiation must be based on 
estimate of the quantity actually producing the phenomenon, In 
the case of regression of a tumor mass, whether one considers the effect 
he a direct one on the malignant cells or a more or less indirect one 
due to changes produced in the “tumor bed,” it must be conceded that 
it is the amount of radiation actually delivered in that region that is 
significant. Moreover, it is evident that all points of an irradiated mass 
cannot receive the same amount of energy; this is particularly true when 
nterstitial radiation is employed. Ii tumor regression depends on 
every point receiving at least a definite amount of energy, then it is 
necessary to know the quantity delivered at the point that received the 
imum. It is evident that for external radiation, a knowledge of the 
int leaving the source or falling on the skin is of little value, 
ause the amount delivered at a point within the body varies enor- 
usly with the depth below the skin. For example, the notation ‘so 
any milliampere-minutes” is the correct expression for the dose of 
ission, but at a target-skin distance of 50 cm. the tumor may be from 
to 70 cm. from the source of the roentgen rays, and therefore the 
unt of radiation it receives may vary from 50 to 100 per cent of the 

dose. 

he case of interstitial radiation, a knowledge of the amount used 
sufficient. One must also know the size and shape of the mass, 
istribution of the sources and the manner in which the effect 

with the distances from the sources. 
customary to call the amount of radiation delivered at a given 
the tissue the “tissue dose” at that point. The tissue dose of 


lume of tumor is estimated according to the point within it 
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that receives the smallest quantity of energy. At the Memorial 


Spi- 
tal, our unit of quantity of radiation in térms of which all tissue doses 
are expressed is the threshold erythema dose. This is defined as 4 
amount of radiation which, in 80 per cent of all cases after a singk 
application, will produce a faint bronzing or reddening of the skin jn 


about three weeks, and in the other 20 per cent will produce no visib) 


effect. We grant that this unit is not entirely satisfactory, but wi 


find it the best available at present. Full discussions of its use hay 
been previously published. Although the quantitative basis is the best 
we have for tissue dosage, the response of the various mammary cancers 
to this same dosage is qualitative, and we have no absolute biologic unit 


to express this response. The threshold erythema doses for sources 


Tasie 3.—Depth Doses from External Sources of Irradiation 


Roentgen Rays Gamma Rays 


200 kv., 140 ky., Radium Element Pack: Radon Tray: 
0.5 Cu. Mm., 4 Mm. Alumi 0.3 Mm. Platinum, 2 Mm. Brass Filter, 
2.5 Mm. Alumi num Filter, 1.5 Mm. Brass Filter, 24 Sq. Cm. Radiat 
ram Filter, 30 Cm. 50 Sq. Cm. Radiating ing Surface, 
i, Cm. Target Target-Skin Surface, 6 Cm. Radium- 3 Cm. Radiun 
Depth, Cm. Skin Distance Distance Skin Distance Skin Distance 
100 100 100 100 
91 75 


66 51 


of radium and roentgen rays in use at the hospital have been determined 
by skin tests on a large number of patients. By means of physical 
experiments, the percentage of the amount of radiation falling on the 
skin that arrives at any depth within the tissue has been determined 
In treatment for cancer of the breast, the external sources used ar 
roentgen rays of various qualities, the radium element pack and, to < 
less extent, the radon tray. Table 3 shows the percentage of surface 
radiation arriving at various depths for these sources. 

From this table, if the amount of radiation falling on the skin at 
each portal is known in terms of the threshold erythema (S. E. D. 
and if the depth of the tumor below each portal is also known, the tissu 
dose from external radiation can be determined at once. Figure 3 and 
figure 4+ represent a transverse cross-section of a breast, showing th 
irradiation by two radium pack treatments (fig. 3) and two high voltag 
roentgen treatments (fig. 4). In each case one treatment is from th 


1. Hereafter the threshold erythema dose will be expressed by the lett 
S. E. D. (skin erythema dose). 





LE! ST AL—IRRADIATION OF CANCER 351 


r and the other from the lateral direction. Only within a limited 
can more than one erythema dose be delivered in this manner. 
interstitial radiation the problem is not so simple. The inter- 


sources used at present at the Memorial Hospital are gold seeds 


Gemma Keays 


One Erythema Dose 


Transverse cross-section of a breast showing the depth of doses of 
by two radium pack treatments. 


X-Rays 


one Erythema Dose 


-Reys 


One Erythema Dose 


g. 4 Transverse cross-section of a breast showing the depth of doses of 
on by two high voltage roentgen treatments. 


+ mm. long, 0.3 mm. in width and thickness and containing from 


} millicuries of radon. Experimental work previously published 


possible the determination of the percentage of a threshold 
ima dose delivered at any distance from any gold seed. The 


for a seed of 1 millicurie at different distances are shown in 
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table 4+. For seeds of other strengths, the doses are in the 
the millicurie content. 

It should be emphasized that the values up to 1.5 are based o1 
more complete experimental data than those for longer distances, 
fore, in using this table it should be remembered that the dat 
larger distances may be less accurate than those for shorter ones. \Vit| 


tor 


the aid of this table, if one had a chart of any tumor of the 


reast 
with the locations and strengths of the seeds that had been implanted 


4 4] 
] 
a the 


one could measure all their doses from any selected point and fit 
tissue doses at that point due to the individual seeds. 


It is impracticable to do this in actual cases. In the report alread) 


referred to, the problem of estimating dosage in masses has been dis 


cussed at length, and only the conclusions will be repeated here. Vy 


TABLE 4.—Tissue Doses at Different Distances from a 1 Millicurie Gold Rad 
Sced 


Tissue Dose, 
Distance, Percentage, Distance, Percentage, 
Cm. Skin Erythema Dose Om. Skin Erythema Dos 
| ee 475 1.8 , 10 
0.6... : 350 ,: 
a ar 230 


Tissue Dose, 


0.8... 175 

0.9 140 

LD .0e ‘ 115 

ae 70 

1.4 aalrecs 5D 

1.6. petoewevenes 45 


have assumed that it is necessary for every point within the region of 
the tumor to receive at least a certain minimum dose; and it is th 
tissue dose for the point receiving the minimum that should be cal- 
culated. In a mass in which seeds are uniformly implanted, this point 
will be on the periphery rather than somewhere inside. For ever) 
mass, it is most convenient to consider the sphere of tissue that will 
just contain it. Of course, in the case of very much elongated or 
irregular masses, this would include a great deal of normal tissue, and 
in such types several contiguous or overlapping spheres may be con- 
sidered. If a definite quantity of radon is to be used in any 


oiven 
sphere, it makes practically no difference in the dose on the periphery 
whether the radon be concentrated at the center or distributed uni- 
formly within the inner half of the sphere. Therefore, for purposes of 
approximation of dosage, we consider the radon that is concentrated at 
the center of the sphere that just contains the mass, and calculate for the 
minimum the dose at a point on the periphery. Thus a mass 2 by 2 by 
3 cm. would be considered a 3 cm. sphere. One millicurie of radon at 
the center of this (1.5 cm. from the surface) would deliver 50 per cent 
of an erythema dose on the periphery (table 3). Ten millicuries w nul 
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ten times as much, or 500 per cent—5 S. E. D. Therefore, if 

-< of this size were treated with 10 millicuries, we should call its 

ue dose 5 S. E. D. It is well to keep in mind the approximations 

in arriving at this result. The same approximations enter into all 

the doses quoted in this paper. The fact that the doses are not highly 
accurate does not lessen the clinical value of the measurements. 


For convenience in calculation, we have made a table of doses for 


different quantities of radon in spheres of different sizes. This is given 


in table 5. Across the top are indicated the sizes of the masses con- 
sidered. The first column gives the number of erythema doses, and 


Villicuries in Gold Seed Required to Deliver Specified Doses to Masses 


of Various Diameters 


Diameter of Mass, Cm. 


4 4.5 


Number of M.C. 


the others the number of millicuries required to produce these 1n masses 
of the sizes considered. For instance, in the column for 3 cm. diameter, 
we see that 10 millicuries delivers five erythema doses. 
lt should be mentioned that the data for diameters up to 3 cm. are 
directly on measurements of skin erythema doses. Greater 
listances are calculated from these values on a basis of extensive experi- 
mental work in the biophysical laboratory, therefore, they cannot be 
nsidered as accurate as the former. However, we have no hesitancy 


using them in our calculations of dosage. 


THE TECHNIC OF INTERSTITIAL IRRADIATION 


terstitial irradiation as now employed at the Memorial Hospital 
sts in the distribution of tiny, nonremovable, gold-filtered radon 
within the substance of the tumor, in the tissues of the breast 


inding the tumor and in the corresponding axilla. In contrast to 
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the more radical surgical measures, there is no mortality consequent to 
the introduction of these gold radon seeds; patients with serious cardiac 
ailments, diabetes, pulmonary tuberculosis, etc., have been treated 
safely by this method. The possible menace of dissemination of the 
disease by the method of interstitial irradiation has been considered: 
we believe that preliminary external irradiation greatly lessens this 
menace. Thus far we have not observed any untoward results from 
this procedure, such as early metastases to the bones and the lungs. 
Preparatory to inserting the gold radon seeds into the breast, the 
entire area is prepared carefully as for a major surgical operation. Th 








Fig. 5.—Technic of implantation of gold radon seeds in carcinoma of the lett 


breast. 


proper use of antisepsis and sterile drapery is essential in order to 


avoid infection of the cancer. In only one instance among our group 
of 130 cases did the complication of infection occur; the resultant 
abscess in the breast was a considerable handicap in the subsequent 
management of the case and greatly delayed convalescence. 

If the tumor is large, nitrogen monoxide anesthesia is used for the very brie! 
time required for the insertion of the seeds. In a few instances, the breast and 
axilla have been anesthetized by procaine hydrochloride in the outpatient depart 
ment; this is sufficient when the tumor is small. One word of caution about local 
anesthesia should be given; if the skin is infiltrated or invaded by the carcinoma, 
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s a definite contraindication to the insertion of procaine hydrochloride 
r fear of disseminating the disease. The majority of the patients 
hospital within an hour or two after the insertion of the seeds and 

nbulatory during the entire course of the preoperative treatment. 


Fach gold radon seed is sterilized in alcohol and placed within a sterile long 


I 


ile trocar carrying a minute metal plunger for the purpose of dislodging the 
needle < « ‘ 5 


| into the depths of the tumor. These needles have sharpened points and are 
seed tg " 


nly 13 mm. in diameter, in order to cause the least possible trauma. Caution 
uld be exercised that the tubes or seeds are not placed near the skin, otherwise 








Roentgenogram of the right breast, showing the location of gold radon 


an irregular Mammary cancer. 


cause ulceration. Also one should be careful to avoid placing the seeds 
a rib or costochondral junction, because of the possibility of injuring the 
um or cartilage. If the tumor is spherical, the seeds are placed approxi- 
ne third of the distance to the center along the various radii, care being 
place them at all levels. 
placement of gold seeds in tumors less than 4 cm. in diameter 
accurate, as the subsequent microscopic examinations reveal, 
the treatment of tumors from 6 to 8 cm. in diameter, unavoidable 
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errors in technic are constantly present to a variable degree, lx 


is not humanly possible to distribute tiny gold seeds accurately 1 


out a mass of these dimensions. As we have stated previously, i 
practically no difference in the dose on the periphery whether th: 
is concentrated at the center or distributed uniformly within ¢! 
half of the spherical tumor. Indeed in small spheres, such as 
discrete axillary nodes, the entire estimated quantity of radon may 
inserted in the center of such a node in a single gold seed focus 
use of a single focus of interstitial irradiation in the center of 4 
mammary cancer, though physically correct, is practically unwise, as 
the central necrosis thereby induced by such a quantity of radon (i. e¢, 
from 30 to 90 millicuries) could not be as easily absorbed as if multipk 


weaker gold radon seeds were utilized. 


THE PROPER TISSUE DOSAGE OF IRRADIATION 

\What are the advantages of measuring tissue doses of irradiation? 
The knowledge of the exact amount of radiant energy delivered to th 
tumor mass gives a rational basis for dosage and eliminates previous 
empiric methods. The routine estimation and recording of such tissu 
doses enables one to duplicate good results and to determine the 
sterilizing dose for various neoplasms. The knowledge of this tissu 
dose is important in the later microscopic study of the pathologic changes 
pr¢ duced. 

When external irradiation is employed, all other conditions remaii 
ing unchanged, the dose is equal to the product of two factors, namely, 
the intensity of the rays and the time of irradiation. Without modifying 
the product, one may vary either the intensity or the time, on the con 
dition that a compensation of the variation of the one by an inverst 
variation of the other be made. Except for the theoretical advantages 
of continuous overinterrupted exposures, and the greater selectiv 
cancericidal effect of gamma rays over roentgen rays, we have assumed 
a quantitative equality for these ravs and have added the dosage, wher 
ever a combination of these methods was used. 

To deliver an efficient dose into a mammary cancer, one must us 
interstitial irradiation. In the few unusual instances, wherein extremel) 
radiosensitive carcinomas of the breast disappeared completely 
external irradiation alone, we have not been content wit! 
immediate result, for in many earlier cases we found that the tumor 
not been completely devitalized. We have therefore given suppl 
mentary doses of interstitial irradiation based on the original measur 
ments of the tumor. 
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REPORT OF CASES 

'o illustrate the danger of reliance on external irradiation alone in 
ment for radiosensitive carcinomas of the breast. 

an Irish widow, aged 66, applied to the Memorial Hospital for treat- 

Sept. 20, 1929, complaining of a lump in her right breast. Six children, 

st of whom was 40 years of age, had been nursed for about eighteen 

nths equally from both breasts. The patient had always been in good health 

for pneumonia in 1926, and had entered the menopause at the age of 49. 

latter part of June, 1929, she felt a heavy lump in the upper outer 

nt of the right breast. This tumor gradually increased in size, causing 

and on August 19, the overlying skin was red and inflamed. The patient 

as an elderly obese woman weighing 170 pounds (77.1 Kg.). Her lungs and 

heart were normal. Both breasts were large and pendulous. In the upper outer 

int of the right breast was a large mass measuring 7 by 6.5 cm. The skin 


1 
th 


ver the tumor, which was adherent and protruded in a moundlike eminence 2 cm. 


Several lymph nodes 
ere palpable in the right axilla. A roentgenogram of the chest was negative 


diameter, was red, tender, inflamed and about to ulcerate. 


r pulmonary metastases. The clinical diagnosis was primary operable carcinoma 
right breast with axillary metastases. 

lreatment was given entirely by the radium element pack at 6 cm. distance. 

rom September 29 until November 7, 16,000 milligram hours of treatment were 

given to the right axilla and an equal amount to the right supraclavicular space; 


24,000 milligram hours were given to the right breast directed toward the tumor. 
[he isodosis curve for the radium element pack at 6 cm. focal distance was such 

it we have computed the tissue dosage in the depth of the tumor as only 40 per 
ent of an erythema dose. The superficial portion of the tumor mass received 
| one-half erythema doses. On December 2, the tumor and axillary nodes 
could no longer be palpated. 


ne an 


Comment.—An unusual instance is recorded of the complete clinical disappear- 
a bulky mammary carcinoma, following one cycle of treatment with the 
element pack. The degree of radiosensitivity was comparable to that of 
lymphosarcomas. 


Another unusual feature was the presence of a rapidly 
highly 


radiosensitive mammary cancer in a woman of 66 years. Most 


nary cancers in older women are slow growing and radioresistant. In esti- 
: the tissue dose of any particular tumor, we consider the smallest amount 


n which is delivered to any part of the tumor, in this instance 40 per 
erythema unit. 


This result is an excellent example of the so-called 
cytolethal action” of the gamma rays of radium. What should 
ire management of such a patient who is clinically free from 


1 
+ 


ce taught 


be 
disease ? 
us that the previously mentioned treatment was insufficient to 

recurrence. With only external irradiation to rely on, the interval of 
ween treatments would be long enough to permit any 


t surviving cancer 
cquire radioresistance, and the amount of irradiation would be definitely 
the tolerance of the skin over the tumor. Since this tumor was prob- 
malignant, as judged by its radiosensitivity, a radical mastectomy 
operative irradiation would probably be accompanied by the hazard 
spread dissemination of cancer cells. 


ent Irradiation—lIn agreement with our previous statements, we believed 


f radiation to employ to be that which is capable of destroying 
t radioresistant cancer; therefore on Jan. 17, 1930, 86 millicuries of radon 


seeds and 30 millicuries in 11 gold seeds were implanted in the breast 
respec tive ly - 


amount ¢ 


This afforded a dosage of 12 skin erythema units to the 
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mammary tumor; the calculation was based on the original measurement the 
tumor, and the gold seeds were inserted in the breast at the site which the tumor 
occupied. On February 7, only three weeks following interstitial irrad 


right radical mastectomy was performed. Residual carcinoma of the bri 


t was 
found on microscopic examination; the carcinoma was so necrotic and 
by radiation that its type could not be determined. There were areas of hyalin 
tissue with true bone formation in the tumor; hydropic degenerated tumor cells 
were found in the interstices of the diseased tissue. 


iftected 


These observations wer 
considered indicative of metaplasia occurring in regressing cancer. 

Final Comment.—The presence of cancer in the amputated breast following 
heavy interstitial irradiation (1,200 per cent S. E. D.) and the clinical disappear- 
ance of such a cancer following external irradiation only (40 per cent S. FE. D. 
indicate the wide range in radiosensitivity of the cells comprising this tumor. 





Fig. 7.—(A) Carcinoma of the axillary segment of the right breast. Measur« 
ment of neoplasm, 7 by 6.5 cm. (8) Complete clinical disappearance of the cancer 
following treatment by the radium element pack. (C) Hyaline tissue, true bor 


formation (metaplasia) and remnants of hydropic tumor in regressing mammary 
cancer. 


Ancther principle is illustrated here, namely, the employment of a dose of inter 
stitial irradiation based on the original measurement of the large tumor which 
had completely disappeared following external irradiation. This principle should 
be applied cautiously for fear of radium necrosis. The patient is at present clim- 
cally free from disease, and the wound is well healed. Primary wound healing did 
not occur after mastectomy, owing to the short interval between the interstitial 
radiation and operation (three weeks). (See fig. 7.) 


The tissue dose delivered to the tumor should always be measured 
and expressed in skin erythema units. This dose should be prescribed 


The tables prepared in the physical department enable the clinician 
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into terms of skin erythema units the tissue dose delivered 
hy external or interstitial irradiation. 
f Measuring a Mammary Tumor.—With the patient in the recumbent 


transverse and vertical contours of the involved breast at the level 
are taken by the adjustment of flexible lead tapes, later tracings 


the 
tumor 
nade on paper for permanent record. The tumor of the breast is measured 
ree dimensions by calipers calibrated in centimeters. The exact location 
of the tumor are recorded on the traced contour of the breast, care being 
show the exact depth below the level of the skin. This graphic record 
r estimating the amount of radiation delivered from external sources to 

ost remote portion of the tumor. 
> —To illustrate the control of mammary cancer by the use of external 


rstitial irradiation. 

QO. R.. an English woman, aged 57, married, applied to the Memorial Hospital 
in May, 1920, complaining of the presence of two small lumps in her right breast. 
In 1893, she had had. one child whom she had nursed for five months; she had 
had no lactational difficulties. In March, 1920, a hysterectomy was done for 
fibromyoma. For two years, she had been aware of two small lumps in the right 
breast. This breast had undergone gradual atrophy, and the tumors were slightly 
painful. In the upper inner quadrant of the right breast was a small horseshoe- 
shaped mass, measuring 5 by 3 cm. It was definitely adherent to the superjacent 
skin. There were no palpable axillary or supraclavicular lymph nodes. <A roent- 
genogram of the chest was negative for pulmonary metastasis. The clinical 
diagnosis was primary operable carcinoma of the breast. 

Immediate treatment was instituted, a low voltage roentgen cycle to the right 
breast and drainage areas being employed from May 29 to June 9. On August 13, 
a biopsy was performed on the residual tumor of the right breast. Microscopic 

udy of this specimen by Dr. Ewing revealed carcinoma simplex. Three addi- 

ial low voltage roentgen cycles were given to the right breast and drainage 
areas in September and November, 1920 and in March, 1921, respectively. 
Dr. Frank E. Adair then gave interstitial irradiation in glass radon seeds. On 
Feb. 14, 1931, the patient was without clinical evidence of cancer. She has remained 
1 excellent health for twelve years from the known date of onset, and ten and 
ne half years from the first treatment given at the Memorial Hospital. The 
ulministration of four cycles of roentgen treatments in the course of ten months 

used marked telangiectasia and sclerosis of the skin of the breast. 
nent.—The prolonged survival of this patient without clinical evidence of 
loes not indicate that a cure has been obtained. We believe that we have 
successtul in the production of abortive fibrosis to such a degree that the 
lual mammary cancer is perhaps permanently entombed in scar tissue within 
east. The depth of the dose of irradiation delivered by these roentgen 
nts 1s insufficient to destroy the average radioresistant mammary cancer, 
can induce marked fibrosis of a cancer bed; for practical purposes this 

ight be considered as equivalent to a cure. (See fig. 8.) 


\\ 


We shall give a summary of the steps in the calculation of the tissue 
when treatment has already been given. 


xternal Radiation 


l 
Calculate the percentage erythema dose on the skin for each treatment. 
Determine the distance from the depth of the tumor mass to the center 
oo 


> 


each portal on the skin. 
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From the proper curve for the depth dosage determine the perc: 
surface radiation delivered at the given depth for each treatment 
Multiply this percentage for each treatment by the percentage gi) 
This gives the tissue dose for each treatment. 

Add results given by 4 for all external treatments. 





big. 8—(A) Carcinoma of the upper central segment of the right breast 


(B) Telangiectatic mammary skin eight years following low voltage irradiation. 


(C) Photomicrograph of the specimen taken for the original biopsy; carcinoma 


simplex. 


3. Interstitial Radiation 
1. Determine the three dimensions of the tumor mass. 
2. Decide what sphere or group of spheres define it. 
3. (a) For a single sphere the diameter of which is the largest dimension 


of the mass, by means of the figures in the column for this diameter | 


the table for gold seed doses, determine the tissue doses by the number 


of millicuries used. 
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) For a group of spheres, divide the total number of millicuries by 
he number of spheres; then in one sphere, determine the dose as in a. 
This is the tissue dose from interstitial radiation. 
id the results of 4 5 and B 3 for the total tissue dose. 


is the minimum dose delivered in the tumor mass. 


\WWe shall now give a summary of the steps in the calculation of the 


liation necessary to give a specified tissue dose. 


Specify the tissue dose to be given (the minimum). 


2. Decide what external treatment is advisable. 
Determine the distance from the depth of the lesion to each portal in the 
for external radiation. 


4. Calculate the tissue dose from this external radiation as in the case for 


-eatment already given. (See the preceding outline, sections 4 3 and 4). 


5. Subtract the tissue dose thus obtained from the specified dose. The remainder 
» be given by interstitial radiation. 
Determine the three dimensions of the lesion. 
7. Decide what sphere or group of spheres to consider as defining it. 
8. (a) For a single sphere the diameter of which is the largest diameter of 
mass, determine the number of millicuries necessary to give the dose specified 
[his diameter will be found in the table for gold seed doses. 


) For a group of spheres, determine the number of millicuries necessary to 


ive the dose specified in 5 from data found in the column for the diameter of 
ne sphere of the group. Multiply this by the number of spheres. This gives 


lose of interstitial irradiation required. 


The mammary gland will tolerate safely an enormous dose of inter- 


stitial irradiation. The first time 40 millicuries were introduced into 


the breast, we were somewhat fearful of the consequences. As no 


untoward effects were evident, the number of millicuries was cautiously 


nereased until as much as 133 millicuries were given in gold seeds. 


he degree of radium reaction in the breast is proportionate to the 


mount of interstitial irradiation, but even a large amount is insufficient 


to injure seriously the skin of the breast. Small breasts are given less 


nterstitial treatment. One should bear in mind that radon implanted 


a breast irradiates in all directions. In the estimation of the required 
care should be exercised to avoid a possible permanent injury 

wall of the chest or underlying pleura by overdosage, especially 

the tumor is contiguous to the ribs. We have not observed 


itis as a complicating sequel to these treatments. 


illustrate the great tolerance of the mammary gland for inter- 


a white woman, aged 48, married, applied to the Memorial Hospital on 
1930, complaining of a lump in the left breast. She had had one mis 
but no other pregnancies. In 1930, she had had a hysterectomy for pelvic 
lisease. Fifteen months prior to admission, she fractured her left 
traumatized her left breast by a fall. In November, 1929, she first 


{ 


tumor in the upper inner quadrant of the left breast. Since then there 
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had not been any change in the size of this tumor, mastalgia, secretion 

nipple, loss of weight or cough. On physical examination, a tumor 6.5 
3 cm. was found to occupy the upper inner quadrant of the left brea: 
breasts were large and pendulous. The skin over the tumor was definitely) 

There were no palpable lymph nodes in the axilla or supraclavicular spaces 
A roentgenogram of the chest was negative for pulmonary metastases, T] 
clinical diagnosis was primary operable carcinoma of the left breast. 

On Feb. 27, 1930, 133 millicuries of radon in 40 gold seeds were inserted int 
the tumor, constituting a tissue dose of 2,070 per cent S. E. D. External irra 
diation was not given. The tumor disappeared in two months after treatment 
but the excoriation of the skin was slow in healing. On June 26, three and on 
half months after irradiation, a left radical mastectomy was performed. (0; 
section of the breast, the tumor had diminished markedly in size; it measured 
2 by 1.5 by 1.5 cm., and was completely necrotic. The axillary lymph nodes 
were not involved. Microscopic examination showed the tumor to be a carcinoma 
simplex that had undergone complete radium necrosis. The wound healed well 
with the exception of slight necrosis along the line of incision. On Jan. 26, 193] 
there was no clinical evidence of cancer; the wound had healed well without 
inflammation or necrosis. 


Comment.—This patient accidentally received twice the dose considered ne 
essary to sterilize the cancer. The large size of the breasts and the abundance 
of enveloping fatty tissue account in large part for the tolerance of this breast t 
such an enormous dose of irradiation. Of equal interest is the fact that the healing 
ot the wound after wide radical mastectomy was only slightly impaired. 


In radiation therapy, the dose is usually dependent on the relative 
susceptibility of the cancer and the normal environmental tissues, e. g.. 


the therapeutic index equals Susceptibility_of_normal_Ussve | Fortunately, wi 
susceptibility of tumor - 


have seen that the breast will safely tolerate sufficient interstitial 
irradiation to destroy the most radioresistant mammary cancer. On 
the basis of our histologic studies of amputated breasts as treated, wi 
now believe that the tissue dosage necessary to effect destruction of a 
radioresistant mammary cancer, approximates twelve erythema doses 
It is true that sufficient time has not elapsed to estimate the sterilizing 
dose for mammary cancers treated by irradiation without subsequent 
mastectomies. Although mammary cancers vary considerably in radio- 
sensitivity, we believe that the safest procedure is to treat all with the 
same sufficient dose, because radiosensitivity cannot always be determined 
before operation, and the same tumor may contain radioresistant and 
radiosensitive portions. 

As can be seen in table 5, many of the carcinomas received supra 
lethal doses. When the tumor mass is small an overdose of interstitial 
irradiation may safely be given; this is usually done intentionally. If the 
tumor is 3 cm. in diameter, the dosage may be planned for a mass 5 cm 
in diameter, thereby irradiating heavily the all-important, growing edg' 
of the cancer. 
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s been optimum. 
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never the carcinoma has been destroyed with complete regres- 


the palpable mass and satisfactory repair, we assume that the 


[If radionecrosis and destruction and ulceration 


i the skin follow (of which we have observed only one instance), we 


considel 


the dose as excessive. 


If the cancer almost disappears but later 


resumes its growth activity, we know that the dose has been inadequate. 


If there has been no measurable diminution in the size of a mammary 


cancer that received the maximum tissue dose from preliminary external 


Irradl 


liation, we are dealing with a radioresistant carcinoma. 


If the car- 


cinoma diminishes markedly in size and remains indefinitely as a firm, 


From 


Fro1 
Fro. 


Fror 


From 
From 1 


From 


Fror 
Fror 


Fror 


* In two radiosensitive carcinomas, 
r was not present 
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19 to 20 


after one and two years, respectively. 


t Improperly placed gold seeds 
breast was amputated less than four weeks after the insertion of gold radon seeds 


1 


Inactive 


mass, we realize that 


mastectomies were not performed. 


nt Doses of Irradiation for Primary Carcinomas of the Breast 


Lethal or Supra 
lethal Doses 


Clinical evidence of 


we have attained abortive fibrosis and 


restraint of the growth of the tumor, which is the object of an inhibitory 


se 


ind 18 years. 


Wlustrate the pr 
ry il 


ut method of treating patients for mammary 


and interstitial irradiation followed by radical mastectomy. 


a white woman, aged 46, married, applied to the Memorial Hospital on May 
omplaining of a large lump in the left breast. She had three children, aged 


Following the birth of the first child, her left breast became 


When this subsided, a residual lump remained which had begun to 


size during the past few months before admission. 


In the upper outer 


t of the left breast was a bulky, firm tumor measuring 5.5 by 3 by 3 cm. 


or was firmly adherent to the overlying skin. 
lymph nodes in the left axilla. 


carcinoma of the left breast with axillary metastases. 


There were many large 


The clinical diagnosis was primary 


liate treatment was instituted by giving 16,000 milligram hours by the 


lement pack at 6 cm. distance over the left breast (May 29, 


1929). On 
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July 10, this was followed by the implantation of 18 gold seeds totaling 41.15 mijjj;. 
curies, in the tumor of the left breast, and the insertion of 3 platinuw Filtered 
needles totaling 159 millicuries for a dosage of 700 millicurie hours j; 
axilla. Five and one half weeks later, on August 20, a left radical mastectomy 
was done. The wound healed by primary intention. The tumor received 


more than 9 skin erythema doses of irradiation. On microscopic examination, 


very cellular carcinoma was recognized, but it was too necrotic to classify 


r grade 


No viable carcinoma was seen anywhere. There was some squamous metaplasia 


of the ducts. At the last examination, on Feb. 18, 1931, there was no evidence oj 
recurrence. 

Comment.—The tissue dose of 940 per cent S. E. D. delivered by combined 
external and interstitial irradiation was sufficient to destroy completely a cellular 
carcinoma of the left breast. (See fig. 9.) 





Fig. 9—(A) Carcinoma of the upper outer quadrant of the left breast. (3 
Postoperative view of patient showing integrity of skin and character of wound 
healing. (C) Complete necrosis of a very cellular mammary carcinoma (table 9 
case 8). 


Case 5.—To illustrate the present method of treating patients for mamma) 
cancer by external and interstitial irradiation followed by radical mastectomy. 
M. Z., a Russian woman, aged 38, married, applied to the Memorial Hospital 
on Sept. 4, 1929, complaining of pain in her right breast and the presence of a 
lump in her right armpit. She had been pregnant only once, for which a cesarea! 
section had been performed; the child was stillborn. She detected the 
her right axilla only three days before application to the Memorial Hospital 
the central portion of the right breast posterior to the nipple was an irreg 
tumor measuring 6 by 6 by 4cm. The nipple was retracted and fixed. TI 
of the areola was adherent to the tumor. A node 2 cm. in diameter was sit 
in the lower part of the right axilla. A roentgenogram of the chest was negatt 
The diagnosis was operable carcinoma of the right breast with axillary m 
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minary treatment was instituted by giving a high voltage roentgen cycle 

right breast and drainage areas (from September 4 to 16). This was 

| on September 21 by the implantation of 49.38 millicuries of radon in 

id seeds into the tumor of the right breast. Four weeks later, on October 18, 

. right radical mastectomy was performed. The wound healed by primary inten- 

tion. In the sectioned breast, the tumor was surrounded by a hemorrhagic, necrotic 

ne of tissue. Histologically, there was marked productive fibrosis, profound 

metaplasia of the ducts, and marked, practically complete, necrosis, of the tumor, 

which was an infiltrating duct carcinoma. The metastatic carcinoma in the 

axilla and lymph node was also largely destroyed. At the time this article was 

written, sixteen months later, there was no evidence of recurrence. 

Comment—A tissue dose of 1,020 per cent S. E. D. delivered by combined 

external and interstitial irradiation was sufficient to produce marked necrosis and 
productive fibrosis in an infiltrating carcinoma of the breast. (See fig. 10.) 








A) Carcinoma of the central part of the right breast. (B) Post- 
‘ative view of patient showing integrity of skin, character of the wound healing 


nd maintenance of good function in the arm. (C) Photomicrograph showing 
marked necrosis of duct carcinoma (table 10, case 5). 


IRRADIATION OF THE AXILLA 
(he axilla is irradiated whether or not axillary nodes are palpable, 
‘we have shown that there is a possibility of error of 17 per cent in 
letermining the presence or absence of involved axillary nodes. The axil- 
is irradiated by preoperative roentgen rays or radium element pack 
d by interstitial gold-filtered radon distributed along the gland- 
areas. In general, we have found the management of axillary 
me of the big problems in the treatment for mammary cancer by 
n, and we believe that our present means of attack is not wholly 

tory. 
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The axillary nodes are variable in their distribution and cannot }y 
accurately localized at fixed anatomic points. Ewing has said, “Unlike 
cervical lymph nodes, axillary nodes may lack complete capsules and ar 
readily traversed by tumor cells.” The dispersion of active carcinoma 
cells in the axillary fat seriously hinders the cure of cancer in this loca- 
tion, for these cells divide rapidly in spite of heavy external irradiation 
As long as the cancer cells remain within the node, external irradiation 
has a perceptible influence because of the pressure atrophy, vascular 
occlusion with ischemia, and strangulation. The difficulties atten- 
dant on estimation of depth dosage from external radiation are several, 
The axilla is a truncated cone or rather an equilateral four-sided pyra- 
mid, which varies in shape and depth in different persons. A certain 


amount of radiation reaches the axillary contents from the treatments 


given over the corresponding supraclavicular space. When multiple 


metastases to several axillary nodes have occurred, the correct estimation 
of the tissue dosage for these nodes is impossible. When one or two, 
quite large, movable nodes are present, the tissue dose can be calculated 
and delivered with considerable ease. 

External irradiation alone is inadequate in the treatment for carcino- 
matous metastases to the axilla, as it is in that for carcinoma of the breast 
Interstitial irradiation must be employed if metastases are present. Th 
introduction of gold radon seeds into small axillary nodes has turned out 
to be a difficult matter, for without opening the axilla, one cannot accu- 
rately localize the nodes at the time of introduction, and satisfactory 
implantation may be impossible. On opening the axilla in the endeavor 
to isolate nodes, we frequently find that it is easier to dissect out fat 
and nodes than to attempt to introduce radium into separate nodes 
Whenever the nodes are large, the radon can be introduced easily into 
their substance without surgical exposure (table 13, patient FE. H.) 
The gold seeds are implanted in the axilla at the same time and with the 
same technic as they are in the breast. Rows of gold seeds are placed 
along the lymphatic trunks leading to the axilla and along the important 
intermuscular trunks. Stronger gold seeds are deposited in the region 
of the pectoral group of nodes along the inferior posterior aspect of the 
pectoral muscles, adjacent to the anterior insertion of the latissimus 
dorsi, and in the region of the subclavicular group, a most important 
region, as these nodes are the immediate relay stations prior to involve- 
ment of the supraclavicular nodes. The former nodes are reached bj 
transfixion of the axillary skin, whereas the needles are inserted into the 
latter region by a row of transcutaneous punctures below and parallel 
to the outer half of the clavicle. While the needle points are guided 
into the apex of the axilla by careful palpation, the left hand pushes the 


axillary vessels high out of harm’s way. The gold radon seeds should 
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never be placed nearer than 1 cm. to the branches of the brachial plexus, 
otherwise intractable neuritis may ensue. No edema of the arm has 
ever followed these treatments. The axillary fat becomes drier than 
normal, and there is some fibrosis, but these changes do not handicap 
subsequent axillary dissection. 

Case 6—To illustrate the necessity of interstitial irradiation of carcinomatous 

s to the axillary lymph nodes. 


a Polish woman, aged 34, married, applied to the Memorial Hospital on 
1928, complaining of a lump in her left arm pit. 


Menstruation had 
heen normal. She had four children, aged from 5 to 14 vears, whom she 


ig. 11.—Technic of implantation of gold radon seeds in the left axilla. 


| jor from fourteen to eighteen months without lactational difficulties. On 
1928, she accidentally felt a lump, the size of a hen’s egg, in her left axilla. 
never been any mastalgia, discharge from the nipple, loss of weight, 

r cough. On physical examination, there was chloasma and slight hyper- 
of the thyroid gland. 


Phe 


The external and internal genitalia were apparently 
right breast was clinically free from disease. In the lower outer 
t of the left breast were two, small, barely palpable nodules, about the size 
Inut. In the left axilla were five or six large! discrete, hard lymph nodes, 
ng 5 cm. in diameter. A small lymph node in the left supraclavicular space 
ight to contain metastatic carcinoma. The clinical diagnosis was inoperable 
1a with metastases to the axillary and supraclavicular lymph nodes. 
diate treatment was instituted, employing a high voltage roentgen cycle 
breast and drainage areas (from December 31 to Jan. 7, 1929). This 
wed by radium element pack treatments, 14,000 milligram hours at a 
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distance of 6 cm., to the left axilla and left supraclavicular space (fron 

19 to January 27). By August, the supraclavicular node was no longer 

the axillary nodes were still very large and hard, and the nodules in 

were unchanged. At this time, 21.3 millicuries of radon in 10 gold « 
implanted in the left axilla; the tiny nodules in the breast likewise receiv: 

stitial irradiation (ten skin erythema doses). By October, the mamn 
axillary tumors had disappeared; there had been no recurrence to Feb 

She experienced amenorrhea from November, 1929, to February, 1930, 

time a large left ovarian tumor was recognized as complicating pregnan 
laparotomy, a panhysterectomy was performed. The left ovary was 15 by 

in diameter; the microscopic diagnosis was metastatic tubular carcinoma of th 
type in the breast. The patient had had no clinical evidence of cancer to Feb. 12 
1931, 

Comment.—The bulk of the axillary metastases and the small size of th 
primary cancer in the breast led us to believe that the neoplasm was anaplasti: 
This carcinoma was sufficiently radioresistant to be refractory to external irradia 
tion. We expect the late appearance of other metastases, although a year has 
elapsed since the last metastasis (ovarian) was treated. External irradiatio 
obviously could not deliver a lethal dose into the substance of the axillary tumor, 
which was apparently accomplished by the implantation of gold radon seeds. 


1 


Unfiltered Interstitial Irradiation—In the early part of the last 
decade, radon was collected in tiny glass capillary tubes, which wer 
subdivided into shorter segments called “bare glass radon seeds.” For 
the treatment for carcinoma of the breast, these glass-filtered radon 
implants were inserted interstitially to deliver a dosage of approximatel 
1 millicurie for each cubic centimeter of tumor tissue. The general 
tendency was to give repeated treatments in small doses. The glass wall 
of the capsule filtered out the alpha rays and some of the soft beta rays, 
but sufficient of the latter escaped to exert a caustic action on the tissue 
surrounding the seeds. Enveloping each glass seed was a sphere of 
coagulation necrosis which in turn was surrounded by an outer zone of 
nonviable but recognizable carcinoma. The beta rays were stopped by 
the carcinoma, but the more penetrating gamma rays extended farther 
peripherally to sterilize a still larger sphere of tissue. These “bare glass 
seeds” produced much more necrosis than occurs from gold-filtered 
implants. The sequence of events in the irradiated breast was carboniza- 
tion, colliquation and dense fibrosis. Dr. Ewing, who studied these 
histologic changes with the microscope, has long maintained that the 
elass-filtered radon seeds are superior to gold seeds for interstitial irra 
diation of the breast. 


Radiuin Puncture by Platinum-Filtered Needles.—In 1920, we first 


employed hollow, radon-containing needles for interstitial irradiation of 


mammary cancer. Each needle had a steel shank from 8 to 10 cm. long, 
to which was attached a platinum point 4+ cm. long, with a wall 0.4 mm 
thick. Into the platinum tip from 60 to 80 millicuries of radium emana- 
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were introduced and sealed with paraffin. The needles were steril- 

ved by immersion in alcohol. The longitudinal and transverse diameters 
- the tumor having been determined by caliper measurement and the 

verage thickness estimated, the cubic contents were calculated. Att first, 
he dosage used was 25 millicurie hours per cubic centimeter ; later the 
losage was increased to 50 millicurie hours per cubic centimeter of tis- 
sue. Under procaine hydrochloride anesthesia, we passed the needles 
through the skin and into the tumor along two peripheral transverse 
lines, endeavoring to place them equidistant from the anterior and pos- 
terior surfaces. Now that we have available more accurate data con- 
erning cancericidal doses of radium, we can appreciate in retrospect the 
remarkably good results obtained with these radon needles in considera- 
tion of the dose delivered. One serious objection to their usage was the 


ittendant trauma. The needles were also directed subpectorally toward 


the axillary apex and downward into the axilla from the infraclavicular 
gion 


Another device for this method of treatment is the employment of 
hypodermic needles of lengths suited to the size of the tumor; the 
lumina of these needles are threaded with gold radon seeds in tandem 
formation, and the ends of the needles are plugged with soft wax. Thes« 


needles may be used to perforate the tumor in various directions. 


Case 7.—To illustrate the interstitial use of platinum-filtered radon needles. 
S. S., a Russian woman, aged 41, married, applied to the Memorial Hospital 
June 20, 1925, complaining of a lump in the upper outer quadrant of the right 
reast. In 1907, she gave birth to a child whom she did not nurse. The lump in 
the breast had been present for eighteen months and had gradually increased in 
size. On physical examination, the tumor measured 6 by 3 by 3 cm., was ovoid 
shape and adherent to the superjacent skin. There were small palpable nodes 
the axillae, which were not considered neoplastic. A roentgenogram of the chest 
vas negative for pulmonary metastasis. The diagnosis was primary operable 

ma of the right breast. 

In June, 1925, four platinum-filtered needles, containing a total of 92 millicuries, 
nserted through the tumor of the breast for six and a half hours. This 
eded by a low voltage roentgen cycle of irradiation to the right breast 
lrainage areas. In July, a right radical mastectomy was performed. Five 


ters from the nipple was an indurated area 2 cm. in width, in which small 


ioci were evident. There was considerable chronic inflammation in the 
ue and some liquefaction necrosis. There was no macroscepic evidence 
; microscopically, however, a small cell, anaplastic, infiltrating carcinoma 
d to be markedly injured by the irradiation and enclosed in scar tissue. 
n of the breast was followed by two postoperative low voltage roentgen 
the following October and in August, 1926. At the last examination, on 
1931, there was no evidence of cancer. There was some lymphedema of 
arm and hand. 
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Comment.—Considering the very small dose of radiation delivered 
tumor, the histologic effect on the cancer and the subsequent freedom fro: 
are quite satisfactory. The pathologic findings indicated the possibility 
plete destruction of mammary cancer by heavier interstitial irradiation, 


Case 8.—To illustrate the treatment for primary operable mammary 
external irradiation supplemented by interstitial radiation in the form of 
filtered radon needles. 


R. O., a Norwegian woman, aged 43, married, applied to the Memorial Hi spital 
on Noy. 14, 1924, complaining of a lump in the right breast. She had had on 
child in 1916 whom she had nursed without lactational difficulties. Two days 
prior to admission, she accidentally discovered a painless lump in her breast 
This lump involved the upper outer segment, and was adherent to the superjacent 
skin. There were no palpable lymph nodes in the axilla or supraclavicular spac 
A roentgenogram of the chest was negative for pulmonary metastases. The diag 
nosis Was primary operable carcinoma of the breast. 

In December, two platinum-filtered radon needles were inserted in the right 
breast for a dosage of 480 millicurie hours. This treatment was preceded by 





Fig. 12 (case 8).—Appearance on March 10, 1930, of carcinoma of the right 
breast treated in 1924 by interstitial platinum-filtered radon needles. 


low voltage roentgen cycle to the right breast and drainage areas. In Marcl 


1925, two platinum-filtered radon needles were inserted into the tumor of th 
breast for a dosage of 420 millicurie hours. This treatment was followed by 
another low voltage roentgen cycle to the right breast. In March, 1926, a rador 
tray, at a distance of 3 cm., was applied over the mammary tumor for a dosage 0! 
3,000 millicurie hours. In the following June, an additional low voltage roentge! 
cycle was given to the right breast. In September, seven platinum-filtered rado 
needles were inserted into the right breast for a dosage of 1,160 millicurie hours 
During this time the lump in the breast regressed gradually in size; a small 
fibrosed nodule remained which was considered to be either scar tissue or residual 
tumor. In 1927, the right axilla received 30,000 millicurie hours at a distance 0! 
6 cm. with 2 mm. of brass filter, by a radon emanation pack of 70 sq. cm. suriact 
radiating area. The patient has remained in excellent health without clinical 
evidence of carcinoma. (See fig. 12.) 


Comment.—External irradiation together with interstitial irradiation by meats 
of radon needles can suffice to treat mammary cancer which is confined to t! 
breast. The proper dosage for this method of treatment is difficult to estimat 
therefore somewhat empiric. 
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[TIQUE OF KEYNES’ METHOD OF IRRADIATING CARCINOMA 
OF THE BREAST 


More recently Keynes has placed needles of variable length and of 
ariable content of radium element in the breast proper, the axilla, 


beneath the pectoralis major muscle, above the clavicle, below the clavicle 


ind over the first three or four intercostal spaces. These needles are left 
in place for five days. Allowing for the relatively recent period in 
which this work was done, Keynes has secured encouraging results with 
his technic. By April, 1929, he had subjected ninety patients to this 
procedure. In the first fifty cases, biopsy was done at the time the 
needles were removed. Since this time he has relied on the accuracy of 
his clinical diagnosis for statistical data. On several occasions, a nodule 
of carcinoma developed in the scars of the biopsy even though irradiation 
was in progress. We commend the principles underlying this technic 
f interstitial irradiation, but find certain objections to the assumptions 
made concerning its effectiveness. The computation of correct tissue 
losage by this method is very difficult because the distribution of the 
radon in the needles does not constitute point sources for calculation. 
In only a few cases did Keynes excise the irradiated tumor ; the remain- 
ng breasts were left intact, so that now no one knows whether the car- 
cinomas were destroyed completely or are viable and latent in the deep 
scars within the breasts (abortive fibrosis). In his three available papers, 
he cited the same two cases wherein postradiation excision was per- 
formed; the dosage was said to be inadequate because carcinoma was 
found in each specimen, although one of these patients has remained 
clinically free from cancer for over five years. Our own experience has 
taught us not to rely on the clinical disappearance of the carcinoma 
thereby leaving the breast in situ, but (until a safe dose is determined) 
to amputate these irradiated breasts and to ascertain the dosage that 
affords microscopic evidence of complete destruction of the cancers. The 
results by any other method must be attained by trial and error. 


THE INFLUENCE OF PREOPERATIVE IRRADIATION ON WOUND HEALING 


The influential factors in wound healing following radical mastecto- 
mies for carcinomas of the breast that have been treated preoperatively 
by irradiation are several: (a) The presence of an open, infected lesion 
as a source of wound contamination; this same hazard obtains in non- 
irradiated cases, but is of more serious import here because of the 
tenacity with which infection persists in irradiated tissues. (b) The adi- 
of the breast and the axilla influence healing ; wound healing in 


DOSIT' 


obe Se 


patients is difficult in the best circumstances, but in irradiated 
tissue the process is even slower. (c) The size of the tumor, 
lly in comparison with the size of the breast. (d) The amount 
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of skin sacrificed and the consequent degree of tension; with the prog- 
ress of time, the vascularity of irradiated skin gradually diminishes, a 


condition that impedes wound healing. (e) The employment of exter- 


nal irradiation ; all other conditions being equal, the tissue dosage deliy- 
ered by external irradiation through the skin to the tumor, provokes far 
greater injury to the skin than an equivalent dosage given interstitially, 


(f) The use of interstitial irradiation and the total quantity of radium 
emanation employed. The dosage of interstitial irradiation should be lim- 
ited by the size of the breast. This problem has been readily solved and 
is dependent somewhat on the relation of the size of the tumor to that 
of the breast that contains it. When a bulky carcinoma occupies almost 
the entire breast, a lethal dose of interstitial irradiation may destroy the 
skin, produce ulceration, delay amputation and impair the healing of 
the wound. (g) The proximity of the gold radon seeds to the wall of the 
chest. If the carcinoma is situated deeply in the breast, in contact with 
the thoracic wall, care must be exercised in the dosage and placement 
of the gold radon seeds, otherwise late radiation effects even pleural, 
periosteal or perichondrial damage, and tardy bone necrosis may ensue. 
(h) The time interval between the completion of the irradiation and the 
operation. This is evidently the most important factor. The allowance 
of an optimal interval diminishes the risk of infection, permits the sub- 
sidence of the inflammatory reaction in the skin of the breast, affords 
the necessary time for destruction of the tumor by irradiation, gives the 
deeper substance of the breast and contiguous tissues an opportunity to 
recover from the intense reaction to the radium, and thus insures uncom- 
plicated wound healing. From six to ten weeks should elapse following 
interstitial irradiation before radical amputation. When the operation 
is done sooner, additional hemostasis is necessary because of the post- 
radiation hyperemia present, and the fresh wound shares in the tissue 
destruction. When the operation is performed some months after mas- 
sive overirradiation, the consequent fibrosis and ischemia frequently 
hinder the process of repair in the wound. 

In an analysis of the cases of delayed or secondary wound healing, 
we have perceived that the interval of time between heavy irradiation 
and operation was short, with one exception, in which the dosage was 
too large for the size of the breast. 


Case 1, table 11, 635 per cent S. E. D. Interval of 29 days. 
Case 2, table 11, 650 per cent S. E. D. Interval of 36 days. 
Case 2, table 9, 1,000 per cent S. E. D. Interval of 20 days. 
Case 8, table 13, 1,000 per cent S. E. D. Interval of 27 days. 
Case 9, table 11, 1,200 per cent S. E. D. Interval of 21 days. 
6, table 9, 1,500 per cent S. E. D. Interval of 36 days. 
Case 17, table 13, 2,150 per cent S. E. D. Interval of 44 days. 


Case 
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Patient 


I 


and 
Age 


S . 


51 


Location 
of 
Tumor; 
Size 
Right, 

3x3 cm. 


Left, 
&x7x< 


o cm. 


Right, 
4.25 
4cm. 


Lett, 


7X3 


2cm. 


Right, 
6x6 


4cm. 


Left, 


5 em. 


Right, 


3 cm. 


Right, 


9 
<2 cm. 


i) 


Left, 


4x3.f 
3 cm. 


xX 


Right, 
3x2.5 


cm. 


1.5 ¢m. 


Left, 
6x6 
3 cm. 


Rate of 
Growth 


Slow 


Rapid 


Moder 
ate 


Moder- 
ate 


Rapid 


Rapid 


Slow 


Moder- 
ate 


Moder 
ate 


Moder 
ate 


Rapid 


Moder- 
ate 


Moder- 
ate 


Moder- 
ate 


Axilia 
Ade- 
nopathy 


Ade 
nopathy 


Ade 
nopathy 


Ade 
nopathy 


Ade 
nopathy 


Ade 
nopathy 


Ade 
nopathy 


Ade 
nopathy 


Ade 
nopathy 


Ade 
nopathy 


Clinical 
Index 
of 
Malig- 
nancy 


> 
,— 


TABLE 


Operation 
7/12/29, 
radical 
mas- 
tectomy 


10 (2/29 
biopsy 


10/18 /29, 
radical 
mas- 
tectomy 


4/25/30, 
radical 
mas 
tectomy 


1/29/30, 
biopsy 


2/11/30, 
radical 
mas 
tectomy 


2/12/30, 
biopsy 


2/12/50, 
radical 
mas 
tectomy 


1/29/30, 
biopsy 


§ 13/30, 
radical 
mas- 
tectomy 


4/9/30, 
simple 
mas- 
tectomy 


4/10/30, 
radical 
mas- 
tectomy 


Healing of 
Wound 

Fair; 

two small 

sloughs 


Primary 
healing 


Good 
healing 


Good 


Good 


Primary 
healing 


Secondary 
healing, 
dermatitis 


Primary 
healing 


Primary 
healing 


Roentgen 
Treatment 
6/5/29, 

2 high 
voltage 
treatments 


1/29/30, 

2 high 
voltage, 

1 low 
voltage 
treatments 


7/11/29, 

3 high 
voltage 
treatments 


12/3/29 

3 high 
voltage 
treatments 
9/16/29, 

2 high 
voltage 
treatments 


5/25/30, 

3 high 
voltage 
treatments 


1/29/30, 

1 high 
voltage, 2 
low voltage 
treatments 


12/20/29, 

3 high 
voltage 
treatments 


1/31/30, 

8 low 
voltage 
treatments 


11/21/29, 

3 high 
voltage, 1 
low voltage 
treatments 


1/28/30, 

3 high 
voltage 
treatments 


12/24/29, 

3 high 
voltage 
treatments 


1/22/30, 

2 high 
voltage 
treatments 
2/24/30 


2 low volt- 
age, 1 high 
voltage 

treatments 


10.—Patient with Primary Operab! 


Inter- 
stitial, 
Milli- 
curies 
6/7/29, 


12-13 


4/16/30 
44.5 
(as 2 


spheres) 


’ 


(as 2 
spheres) 
9/91/99 
9/21/29, 


49.4 


12/10/2 


99.95 


12/6/22 


30.89 


1/29/3 
108 


12/31/2 
74.56 


9- /'9 
) 


2/2: 
111 





Roentgen Rays and Interstitial Irradiation 


End-Results 


No evidence 


Regressing 


§$/12/29, only 
4 former size; 
12/6/29, death 
from cardiac 
failure 


Only slight 
regression: 
radioresistant 


No evidence 


Good to date 


Good to date 


Good to date- 
regression 


No evide nce 


No evidence 
of tumor; no 
loss of skin 


Excoriation; 
tumor gone; 
fibrosis 


No evidence 


Gross 
Pathologie 
Anatomy 


Tumor, 1x1 em. 


Tumor, 3x3xX 
>em.; hemor- 
rhage and 
necrosis 


Tumor, 5x3 

2 em.; numerous 
portions 
necrotie and 
hemorrhagic 


Tumor, 3x3x 
lem. 


Fibrotie mass, 


« Cin. 


Tumor, : 
em.; myxoma- 
tous stroma 


Pathologie Histology 


radioresistant; 
fibrosis, slough 


Infiltrating carcinoma simplex, grade 2 
vaculolated hydropie viable tumor cells; 
and partial destruction; sublethal dose 


Intracystic or intraductular adenocarcinoma 


marked 
fibrosis; 


places 
meta- 


changes, in 
squamous 


carcinoma; 
productive 


Infiltrating duct 
total destruction; 
plasia 


Infiltrating duct carcinoma, grade 2 radioresistant; radium 
effect focal, leaving some viable carcinoma; axillary nodes 
are carcinomatous 


Small cell infiltrating carcinoma; calcification; vascular 


changes; radiation changes u‘ter x-ray therapy 


Tubular carcinoma of ducts; radioresistant; sclerosis and 
calcification of vessels; collagen swelling; atrophy and 
hydrops of tumor cells; productive fibrosis 


Two weeks after x-ray therapy, fibrocarcinoma of ducts: 
radioresistant 


Complete destruction of carcinoma in one node 


contained atrophied carcinoma 


breast; 


Biopsy before interstitial irradiation; small cell fibrocarci- 
noma with advanced radiation changes, particularly vas- 
cular 


No residual cancer; evidences of heavy irradiation 


Biopsy, infiltrating carcinoma; 


amputated specimen; no 
evidence of carcinoma 


Total destruction of all tissues; squamous metaplasia of 
ducts; small regressing nonviable focus in an area of 
abortive fibrosis 





TasLe 11.—Patients with Primary Operable Car 


Clinical 
Location Index Radium 
Patient of of Element 
and Tumor, Rate of Malig- Healing of Pack 
Age Size Growth \xilla nancy Operation Wound Treatments 


Cc. W. 3 Moder- Ade B+ 10/11/29, Secondary 8/29/29, 16,000 
) <6 ate nopathy radical healing mg. hr. at 6 en 

mas 
tectomy 
9/25/29, Secondary 8/12/29, 
radical healing, mg. 

mas necrosis of the 

tectomy edge of the skin 


Ade 
nopathy 


Moder- d 11/29/29, Secondary 8/25/29, 16,000 

ate radical healing, mg. hr. at 6 em.: 
mas slight 8/23/29, tray 
tectomy necrosis 3,000 me. hr. at 3 


8/20/29, Primary 5/1/29, 16,000 
radical healing ng. hr. at 6 em. 
mas 

tectomy 


Moder 1/8/30, Primary 3/4/29, 39, 
ate local healing hr. at 6 
mas areas 
tectomy 


Ace , ‘ 9/20/29, 16,000 
nopathy mg. hr. at 6 em. 


Ade 9/19/29 
nopathy biopsy 


7 x6.5 nopathy radical to heal by mg. hr. at 6em 
em. mas secondary 
tectomy intention 


Right, Rapid Ade : 2/7/30, Seven weeks 10/96/29, 94,000 


Right, Moder- 10/11/29, Good 8/13/29, 24,000 
4.5%4x ate radical healing mg. hr. at 6cem 
2 em. mas- 

tectomy 


Right, Moder- d None, ; 9/7/29, 16,000 
3.5X3.5 ate eardiac mg. hr. at 6 cm 
compili- 
cations 


Rapid Ade- None, eee acelate 9/11/29, 16,000 
nopathy diabetic mg. hr. at 6em 
compli 
cations 





Element Pack and Interstitial Irradiation 


Interval 
setween 


Irradia- 


tion 

and 
Opera- 

tion 


Axillary 
rradiation 
tadium ¢ 


lement 1 mo. 


Radium element 
pack plus 29 me. 


11 gold seeds 


Radium element 
pack plus 700 
me. hr. with 
radium needles 
lement 
me, 


Radium ¢ 


;  , 
in gold seeds 


Radium element 
pack plus 25 me. 


n gold seeds 


End-Results 


No evidence 


No evidence 


Tumor ms 
fibrotie, ° 
3 em.;skin 
intact 


No evidence 


No evidence 


No evidence; 
cancer of 
the tongue 


Tumor entirely 
disappeared in 
the breast and 
axilla; metas- 


Gross 
Pathologie 
Anatomy 


Softening of 
tumor 


Tumor, 1x1 
em.; fat 
necrosis; 
only one 
small nodule 


Tumor, 4x2 
em.; half 
of tumor 
necrotic 


Tumor, 2.5X 
2.5¢em.; cir 
cumscribed 


tases to the lung 


Complete dis- 
appearance 
of tumor 


No evidence; 


radio- 
sensitive 


No evidence 


Tumor clini- 
cally disap- 
peared after 
external 
irradiation 
Tumor, 3x 2.5 
em.; hemor- 
rhage about 
tumor 

2/3/30, only 
scar in breast 


Tumor of the 


breast gone; 
new node in 
right axilla 


Pathologie Histology 


Comedocarcinoma, partly intra- 

ductular; tumor cells are atrophic, 
hydropie and eosinophilic; vessels 

thrombosed and recanalized 


Infiltrating carcinoma; radiation 
changes in stroma cells of tumor 
are markedly atrophic, hydropic 
and vacuolated 


Major portion of carcinoma com- 
pletely destroyed; few nonviable 
tumor cells in abortive fibrosis 


Cellular carcinoma; too 
classify; nonviable cells; 
shadow cells; 
of ducts 


necrotie to 
only 
squamous metaplasia 


Adenocarcinoma, partially gelatin- 
ous; mainly distributed in a 
peripheral narrow zone about a wide 
area of radiation fibrosis 


Infiltrating scirrhous carcinoma 


on biopsy 


Complete destruction of carcinoma 
of the breast: one small focus of 
regressing cells in abortive fibrosis; 
metaplastic cartilage and bone 


Infiltrating carcinoma; partial total 
destruction; atrophie regressing 
tumor cells in one area of abortive 
fibrosis; mucoid changes 
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On the other hand, a great dosage within certain limits is not 
patible with good wound healing providing the important interval! 


between irradiation and operation is maintained, 


Case 10, table 10, 1,625 per cent S. E. D. Interval of 42 days 
Case 7, table 9, 1,800 per cent S. E. D. Interval of 68 days. 
Case 13, table 10, 2,060 per cent S. E. D. Interval of 70 days. 


Case 14, table 10, 2,400 per cent S. E. D. (111 millicuries). Interval of 42 


Postoperative External Irradiation.—In the present series of pri- 


mary operable carcinomas of the breast, we have purposely withheld all 
postoperative external irradiation in order to evaluate correctly the end- 
results of preoperative irradiation in measured tissue doses. Prior to 
these experiments, a routine cycle of roentgen irradiation was given 
three or four weeks following the operation. By this time the wound 
had healed, and the patient had recovered sufficiently to undergo treat- 
ment without much distress. In our hands, the results have been better 
when postoperative irradiation has followed surgical intervention than 
when operation alone has been employed. In general, surgeons have 
been more willing to submit their patients to postoperative irradiation 
than to preoperative treatment, in the belief that the likelihood of local 
recurrence in the operative field was thereby diminished. A continuous 
follow-up on these patients, month by month, may reveal evidences of 
recurrence, to which appropriate treatment may be applied. Sufficient 
data are at hand to prove that postoperative irradiation diminishes the 
liability to recurrence and prolongs considerably the life of the patient. 
Yet there are three possible arguments against the procedure: the dosage 
delivered is insufficient to destroy any viable carcinoma left in the oper 
ative field, although it may be instrumental in inhibiting the growth of 
such cells by enveloping them in dense scar tissue; if a recurrence does 
appear after irradiation, the intensity of the subsequent treatments must 
be lessened because of the diminished tolerance of the skin, and car- 
cinomas that have recurred in the face of irradiation probably have an 
increased radioresistance. The postoperative roentgen treatments art 
usually given twice a week, with exposure of the same areas used in 
the preoperative cycle. The dose employed for the supraclavicular and 
axillary spaces is relatively somewhat heavier than that over the anterior 
thoracic wall. The breast having been removed, only a superficial dose 
is necessary over the anterior wall of the chest, whereas for the axilla 
and supraclavicular regions, a relatively greater depth dose seems indi- 
cated. For this reason, high voltage roentgen treatment is given to the 
axilla and supraclavicular space, and low voltage roentgen treatment to 
the mammary site on the anterior thoracic wall. 
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rHOLOGIC CHANGES PRODUCED BY IRRADIATION IN CARCINOMA 
OF THE BREAST 

; perhaps unfortunate that conclusions on the mechanism of the 
s produced by radiation must be derived from a rather hetero- 
us material. We have not had a sufficiently large group of cases 

ited by any one method to enable us to draw conclusions regarding 
recise effect of the particular mode of treatment. Patients differ in 

ie and physical status. Carcinoma of the breast is not one disease but 


up of diseases, differing in gross anatomy, pathologic histology, 


liosensitivity and clinical course. One cannot, for example, compare 
bulky adenocarcinoma with diffusely infiltrating multiple foci of duct 

ma. Again, some duct carcinomas are made up of large cells, 
so large and flattened that they resemble the cells of squamous carcinoma. 
Others infiltrate widely in small strands of small cells or form masses 

up of cells that on superficial examination might be considered 
lymphosarcoma. Although there are no precise observations on the 
liosensitivity of differing types of cancer of the breast, no one who 
has studied the question of the radiosensitivity of tumors in general can 
loubt that great differences must exist in the field of carcinoma of the 
breast. In a group of patients, some treated by roentgen rays alone, 
some by radium element pack, some by roentgen rays and element pack, 
some by roentgen rays or radium element pack, or both, combined with 
interstitial radium emanation, and others by buried emanation alone, 
with all the varying dosage and time factors, we are far from having a 
satisfactory experiment even in human biology. 


Like all tumors, carcinoma of the breast is subject to many sponta- 
neous changes. Bulky tumors become infarcted; ulceration and infec- 
n produce marked changes; thrombosis and obliterative arteritis are 
spontaneous occurrences ; hyaline swelling of the stroma is rather com- 
on and, rarely, calcific deposits are found. In other words, many of 
‘ changes found to a marked degree in the irradiated tumor of the 
breast occur to a lesser extent in the untreated or moderately treated 
(herefore, in our cases that have received but small doses by 
irradiation one must make a nice distinction between what one 
regards as the effect of the treatment and the possible spontaneous degen- 
erative processes within the tumors. 
Histologic studies seem to indicate that radiation affects tumors (1) 
lirect influence on the tumor cell and (2) through vascular changes, 


s, thrombosis or slow vessel occlusion and productive fibrosis. 
in certain tumors, the direct effect seems most prominent, in others, the 


tactor. The two modes of action are by no means exclusive, 


the present time no one can say what this so-called direct effect 





Lo 
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on the tumor cells is, in what manner it is dependent on alteration 
intracellular electrolytes, changes in permeability and the like. The tep- 
dency is to assume a direct effect on the tumor cell in tumors in which 
examination fails to reveal sufficient accessory tissue alterations to 
account for the disappearance of the disease. 

If one were to attempt an estimation of the radiosensitivity of car- 


cinomas of the breast, one might list them in the order of increasing 


sensitivity somewhat as follows, acknowledging, however, that sufficient 
observations in the radiosensitivity of carcinoma of the breast are not 


t 
TABLE 12.—Patients with Primary Operable Carcinoma of the Breast 


Clinical Radium 
cation Index Element 
of of Roentgen ack 
imor Rate of Malig- Healing of Treat- 


Size Growth \xilla nancy Operation Wound ments ments 


J 


er 


R 


eft, Rapid \cle B+ 0 p ; 2/8/28, 2/13/28, 
“4.5 nopathy 2 high 8,000 mg. 
. voltage hr. at 6 em. 
treat- 
ments 


ight, \ce 5 12/29/28, Good 2/24/28, 3/7/28, 
nopathy radical healing 2 high 16,000 mg. 
mas voltage hr. at 6cem. 
tectomy treat 
ments 
Ache s— 0, age —- 6/25/29, 8/8/29, 
nopathy 3 high 16,000 mg. 
voltage hr. at 6 cm. 
treat- 
ments 


Rapid \de- ; 11/29/29, Incomplete 5/29/29, 6/10/29, 


/ 
nopathy radical closure 3 high 32,000 mg. 
mas- graft voltage hr. at 6 cm. 
tectomy treat- over two areas 
ments 


available: (1) sclerosing fibrocarcinoma, (2) large cell infiltrating duct 
carcinoma (carcinoma simplex), (3) small cell infiltrating duct carcinoma 
(carcinoma simplex), (4) solid medullary carcinoma, (5) intraductular 
comedocarcinoma, (6) intracystic adenocarcinoma, and (7) certain ver) 
small cell carcinomas superficially resembling lymphosarcomas. 
Increasing anaplasia within the individual groups increases the senst- 
tivity. Ewing has said: “Carcinomas are resistant in inverse proportion 


to the degree of anaplasia and in direct proportion to the amount 0! 


desmoplastic reaction which they excite.” Sensitivity is altered by the 
clinical setting. Anemia and cachexia decrease sensitivity ; inflammatory 
characteristics (acute inflammatory carcinosis) increase it. The gela- 
tinous character of the colloid carcinomas of the breast prevents an 
adequate reaction of the tissues to irradiation. The large intracystic 
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rcinomas owe their radiosensitivity to their rapid growth, espe- 
their unstable vascularity, which accounts for the frequent 
necrosis of these tumors following irradiation. In other words, 
dealing with a complex problem, with facts difficult of statement 
scertainable only by experience. 
liosensitivity is in no sense an exact criterion of the ultimate 
‘cure (even though local cures are affected), because these more 


lar tumors usually metastasize more readily and widely. The well 


law of Bergonie and Tribondeau established the definite relation- 


ays, Radium Element Pack and Interstitial Irradiation 


Interval 
Between 
Irradia 
tion and Gross 
Axillary Opera- Pathologic 
Irradiation tion End-Results \natomy Pathologie Histology 
X-rays er 11/28, died 


9 mo. 3/30, tumor of Necrotie Adenosarcoma; degenerated; 
the breast was tumor hemorrhage; metastases 
2 em. in diam mass, to lymph node were car- 
eter; 11/30, no 4.5x3em. cinomatous 
tumor present 


X-rays plus 

radium ele 

ment pack 

plus 15 me. 

in gold 

seeds 

X-rays plus 6 wk. : , Softened Infiltrating comedocarci- 

24.5 me. in tumor; noma; hyaline stroma; 

gold seeds calcifi productive fibrosis; 
cation; squamous metaplasia of 
hemor ducts; marked swellings 
rhage in and degeneration of 
tumor tumor cells 


+ + 


the grade of malignancy to the degree of radiosensitivity. More- 

some mammary cancers have periods of apparent latency with 
resumption of activity; the radiosensitivity of such a cancer fluc- 
es with its growth proclivities. Our experiment has been based on 
assumption that true radiosensitivity is proportional to the spatial 
‘of rays absorbed necessary to sterilize the cancer. We possess no 
od of estimating the dose of rays actually absorbed by the cells of 
tumor, but we can determine with some degree of accuracy the 


1190+ 


of irradiation delivered to the cells of the tumor necessary to 
their destruction. 


le nature of the tumor bed is an important factor in radiation 
tor carcinoma of the breast, because the fatty envelope retards 
sponse to treatment. This fact alone accounts for the seeming 
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Fig, 15.—Small cell infiltrating duct carcinoma, grade 3. Other areas of this 
tumor showed a diffuse growth resembling lymphosarcoma. Relatively radio- 
resistant type. 


Fig. 16—Comedocarcinoma infiltrating diffusely. The comedo areas were rf 
. . “* va ° : . © > ) 
tively radiosensitive and the balance of the tumor was radioresistant; grade -. 




















Fig. 17—Bulky adenocarcinoma (medullary carcinoma) showing a tendency to 
spontaneous necrosis; blood supply was unstable. Relatively radiosensitive, owing 
to the readiness with which blood supply was interfered with by irradiation. 








ig. 18.—Intracystic papillary adenoma malignum, relatively radiosensitive on 


int of papillary structure. Clinically, the lesion was essentially benign. 
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great radioresistance of many mammary cancers. Ewing has said that 
“Fat tissue with the low metabolism of fat deposits is highly resistant 


to radiation, but after heavy dosage, the cell membranes rupture, minute 


oil cysts form, saponification occurs, new blood vessels appear, and there 
is considerable proliferation of the fat cells which are difficult to destroy 
when invading fat tissue.” This fact has stimulated us to use larger and 
still larger doses of interstitial irradiation in the breast in an attempt to 


improve the tissue reaction by inducing fat necrosis, the infiltration of 











Fig. 19.—Radioresistant fibrocarcinoma (scirrhous), grade 2. 
plasma cells and leukocytes, the augmentation of blood supply and the 
formation of granulation tissue in the neighborhood of the cancer. 

Acquired Radioresistance—It is probable that an immunization of 
the neoplasm results from the administration of repeated and long-spaced 
sublethal irradiations. Hence, there is a progressive diminution in radio- 
sensitivity under the influence of repeated inadequate treatments with 
radium. Possibly the more radioresistant cells of successive generations 
are those which persist after these repeated treatments, and thereby are 
selectively culled from the original tumor after the manner of selective 
breeding. For very advanced cancers, in which the administration of a 
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Fig. 20.—A, complete necrosis of tumor, showing fibrin, capillary necrosis and 
inflammation of fat tissue. B, fibrosis; foci of calcific deposit at the site of the 
destroyed tumor cells. 
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Fig. 21.—A, regression of atrophic, hyperchromatic tumor cells in the 
extreme productive fibrosis. 
tumor residua. 


midst of 
B, productive fibrosis, abortive fibrosis and atrophi 
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Fig. 23—A, sloughing comedocarcinoma, showing large, hydropic, squamous- 
like cells, with giant, degenerative nuclei. Earlier stage of calcification in area of 
hemorrhage, sloughing and accumulation of fatty endothelial leukocytes. B, regres- 
sion of carcinoma, with squamous metaplasia, degenerative hyperchromatism and 


extreme hydropic changes. 
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Fig. 24—A, calcific vascular deposit following external irradiation. B, 
squamous metaplasia in normal areas of the breast adjacent to the tumor which 
had been interstitially irradiated. 
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large dose of irradiation is dangerous, one may purposely employ frac- 
tionation and espacement of doses, which result in only temporary palli- 
ation. Radioresistance is not an instantaneously acquired but a latent 
property of cancer tissue. It is not easily produced by the administra- 
tion of a small dose of radium; it is not manifested immediately after 
the administration of a strong dose of irradiation. The radio-immuniza- 
tion may occur after a single intensive treatment or after a series of 
irradiations with fractionation of the dose. It is after a delay of from 
six weeks to two months that the phenomenon becomes apparent, and 
it attains its maximum even later. Once acquired, this radioresistance 
persists indefinitely. At the same time that the neoplastic tissue is 
becoming refractory to radium or roentgen rays, the general tissues 
connective tissue, blood vessels) are rendered incapable of supporting 
a new cycle of radium or roentgen treatment without great danger of 
necrosis. ‘Tumor restraint rather than destruction is obtained in this 
manner. These dormant cancer cells lying in indolent foci in beds of 
scar tissue, retain enough vitality to grow again when sufficient provo- 
cation occurs. The reappearance of cancer in the irradiated field 
presents a difficult problem in treatment, owing to this acquired radio- 
resistance. ‘“Abortive fibrosis” is a term that Ewing has applied to a 
form of indolent fibrosis with destruction of all tissue cells and most 
blood vessels, but with persistence of tumor ceils. [ven in the breast, 
he found wide hyaline strands of fibrous tissue enclosing groups of 
well preserved tumor cells, which maintain their nutrition through scanty 
but rigid sinusoid blood vessels. Ewing believed that these tumor cells 
acquired an increased radioresistance greater than that of the normal 
tissues, and that this condition results more often after radium than 
after roentgen treatment. Although the desired attainment in the case 
‘t advanced inoperable mammary cancers, the discovery of abortive 
hibrosis in a breast with a condition classified as primary operable car- 
cinoma is proof of improper or insufficient irradiation. 

Changes Produced by Measured Tissue Doses of Irradiation.—In 
reviewing sections from carcinomas of the breast treated by high voltage 
roentgen rays or by element pack alone, certain facts seem apparent. In 
two patients receiving 100 and 110 per cent of skin erythema doses in 
the tumors, the changes produced were negligible. In the second case, 
a portion of the tumor had undergone regression and showed local areas 


t abortive fibrosis resulting from vessel occlusion. There was con- 


siderable calcification, but the patient had a slowly growing tumor and 


was /1 years old. Probably the calcification was a spontaneous change. 
One hundred and thirty per cent of skin erythema doses of roentgen 


rays in One patient produced slight atrophy of the tumor cells within one 
month, and in a second case caused complete regression of a radiosensi- 


carcinoma—one of the rare, unexplained cases undoubtedly car- 





396 ARCHIVES OF SURGERY 


cinoma but of unknown type. Three tumors receiving doses of 140 
per cent showed insignificant changes in ten days, some productive fibro- 
sis in three weeks, but considerable atrophy with sloughing and calcifica- 
tion in two months. This might suggest that the effects increase with 
the interval of time between treatment and amputation, but, unfortu- 
nately, we have no basis for conclusions from these three cases, since 
they comprised three different tumor types: a gelatinous carcinoma, a 
bulky adenocarcinoma and a moderately small cell duct carcinoma. Two 
tumors treated with element pack alone disappeared completely. Again, 
unfortunately, we do not know the type of tumor. Two patients receiy- 


ing 40 and 50 per cent S. E. D. into the tumor mass, followed by ampu- 


tation three and four weeks later, showed no significant tissue changes. 
One patient received 40 per cent, and at amputation five weeks later the 
tumor cells were swollen and hydropic, or atrophic with the stroma much 
swollen. A fourth breast receiving 85 per cent and amputated two 
months later showed swollen, hyalinized stroma, hydrops and atrophy 
of the tumor cells, many acidophilic tumor cells with degenerative, giant 
nuclei. A wide focus of necrosis and fibrosis had resulted from vascu- 
lar occlusion. Although it is difficult to be certain, we gain the impres- 
sion that the smaller tumor doses from the radium element pack are 
slightly more effective than larger doses of roentgen ray. Save for the 
rare, unexplained, total disappearance of tumor masses, it is obvious 
that the doses deliverable by external radiation alone have been quite 
inadequate in controlling the disease. 

Adequate interstitial radiation, when properly placed, completely 
alters the anatomy of the tumors. Complete destruction may occur and 
does occur with the larger doses. The tumors soften, and the lesions 
assume more nearly the appearance of a fibrous mastitis. Often the 
tissue is glistening and gelatinous. It may be difficult to tell by palpation 
where the tumor ends and the fibrous mastitis begins. About the seeds 
are areas of yellow, opaque, granular, necrotic material often infiltrated 
with blood. The fatty tissue undergoes necrosis. Bulky adenocarcino- 
mas slough within their capsules. Even when total destruction does not 
occur within the time elapsing between interstitial radiation and amputa- 
tion, the tumors shrink markedly. Histologically, the pictures are vari- 
able. Some tumors vanish, leaving only wide areas of necrosis with 
hemorrhage, acute necrosis of vessels, collagen, tumor and fat—shadows 
of the original disease. The anatomic picture indicates that these are 
the more cellular adenocarcinomas and medullary carcinomas. The infl- 
trating duct carcinomas with moderate or large amounts of stroma are 
more resistant and disappear by progressive atrophy. Their cells are 
often hydropic and undergo a type of squamous metaplasia preceding 
necrosis. Swelling occurs in the connective tissue, proliferation may be 
marked, and the end-result may be abortive fibrosis or minute calcific 
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masses in the dense hyaline connective tissue. Lymphocytic infiltration 
may be prominent but may not be attributable to the treatment. Come- 
docarcinomas undergo from moderate to extreme squamous metaplasia 
and then apparently slough. With the sloughing, the lumina become 
filled with fatty débris, fatty leukocytes and blood pigment. Particu- 
larly with this fatty accumulation, calcific deposits result. Vascular 
changes are acute ; the chronic slow sclerosis following roentgen irradia- 
tion does not occur, although this is seen in cases in which combined 
external and interstitial radiation is used. Squamous metaplasia of the 
surrounding lobules of the normal breast occurs regularly after inter- 
stitial radiation. 

After surveying sections from amputated breasts, either by the study 
of several sections from each tumor or by large sections after the method 
of Cheatle, the following tumor doses administered by interstitial irradia- 
tion alone or by combinations with element pack or roentgen rays were 
regarded as lethal: 900 (two cases), 940, 1,095, 1,150, 1,165, 1,200, 
1,265, 1,300, 1,310 (two cases), 1,380 (two cases), 1,625, 1,800, 1,930, 
1,950, 2,060 and 2,400 per cent. Results regarded as questionably lethal 
(cells remaining, but of doubtful viability) were obtained after doses 
of 1,020, 1,265, 1,350 and 1,500 per cent. What might have happened 
to the remaining cells had more time elapsed between irradiation and 
amputation can only be surmised. The breast that showed questionably 
viable elements after a dose of 1,500 per cent was amputated four weeks 
after interstitial irradiation. Definitely sublethal results were obtained 
with doses totaling 635, 650, 760, 950, 1,000, 1,050 and 1,375 per cent. 
In the case of the failure with 1,000 per cent and 1,050 per cent doses, 
the tumors were large, measuring 3.5 by 5 by 8 and 5 by 5.5 cm., respec- 
tively. There is little doubt that the failure may be properly ascribed 
to the difficulties in the accurate seeding of such large tumors. The 
failure of the 1,375 per cent dose must be due to technical errors since 
the tumor was not large; there is grave reason to doubt that a properly 
placed dose as high as 900 per cent will not destroy a cancer of the 
breast. 

An attempt to tabulate the histologic changes following external and 
interstitial irradiation may be summarized as follows. The difficulty is 
that the dosage obtained by interstitial irradiation cannot be approached 
by external irradiation alone. The summary therefore is not a compari- 
son between the effects of two types of irradiation but between two types 
and two widely different degrees of dosage. 


External Irradiation 
Mainly a vascular change 
Moderate hydropic swelling of tumor cells 


Moderate atrophic degeneration 





ARCHIVES OF SURGERY 


Marked collagen swelling 
Productive arteritis with thrombosis 
Calcific deposits in vessel walls 
Productive fibrosis 

Interstitial Irradiation 
Mainly a direct effect on the tumor cell 
Ballooning degeneration 


Hydropic swelling 





Fig. 27—Whole section of a breast involved by mammary cancer, which had 


been given preoperative external and interstitial irradiation. The tumor was com- 
pletely necrotic. The small black areas represent persistent ducts lined by 
squamous metaplastic cells: 


Giant nuclei and atypical degenerative mitoses. 

5. Tendency toward squamous metaplasia followed by sloughing 
Hemorrhages, infiltration by fatty macrophages with ensuing extensive 
calcific deposits 

7. Acute capillary necroses with resultant tumor necroses 
Squamous metaplasia of the normal, adjacent lobules of the breast 


Collagen swelling, productive fibrosis and late atrophy of the residual tumor 
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incer cells may recover from some nuclear damage, as can be wit- 

by the late resumption of growth, but when pyknosis, hydrops 

karyorrhexis occur in pronounced form, the immediate or eventual 
h of the cell is assured, 


PRIMARY INOPERABLE CARCINOMA OF THE BREAST 
\ll patients with malignant neoplasms of the breast who apply to the 
Breast Clinic of the Memorial Hospital are classified and assigned to 
one of several groups, named in the descending order of frequency: 
recurrent inoperable, primary inoperable, primary operable and recurrent 
operable carcinomas of the breast. An additional group, termed “pro- 
phylactic,” is made up of postoperative patients without clinical evidence 
of cancer, who have been referred for irradiation to the breast wound 
and drainage areas. The criteria of inoperability are: (1) definite fixa- 
tion of the tumor to the thoracic wall; (2) marked involvement of the 
axillary nodes on the same side as the breast lesion, with extension well 
up beneath the clavicle ; (3) definite fixation of the axillary nodes to the 
thoracic wall; (4) well marked fulness of the supraclavicular region of 
the involved side; (5) palpable supraclavicular nodes; (6) firm nodes 
easily palpable in the opposite axilla or the opposite supraclavicular 
space ; (7) evidence of metastasis in the other breast; (8) diffuse exten- 
sive invasion of the skin with or without cutaneous nodules; (9) evi- 
dence of metastasis to the pleura, lungs or mediastinum; (10) evidence 
of metastasis to the bones, and (11) metastasis to distant organs, such 
as the liver, the brain, etc. 

The futility of surgical intervention as a curative measure for these 
advanced carcinomas is manifest. The only possible sphere for opera- 
tion in the management of these primary inoperable cases lies in the 
palliative operation (simple mastectomy) after adequate irradiation. 
Such an operation is indicated when ulceration is present or imminent, 
or when the bulk of the tumor is distressing to the patient. Following 
such a removal and the subsequent skin-grafting, roentgen treatments 
are given when indicated. 

Irradiation is now generally regarded by the medical profession as 
the only worth while method in the treatment for primary and recurrent 
inoperable carcinomas of the breast. We are justified in believing that 
when a large portion of the active disease is made stationary or regres- 
sive, the patient will be better able to combat the other metastatic lesions. 
In the event that the cancer is so extensive as to be obviously incurable, 
irradiation should not be too vigorous, else the bodily resistance to the 


1; > . ° . 
disease may be greatly lowered. External irradiation has been the pro- 


cedure of choice in the treatment for these cases during past years; it 
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is still the only possible means in the treatment for metastases to the 
bones, lungs, brain and skin. So long as the tumors in these locations 
continue to regress, further irradiation is withheld. Another series 
should never be given solely because the skin is in a condition to tolerate 


it. On the other hand, a second series of treatments (roentgen rays or 


radium element pack) may be given at the end of six weeks if no definite 
change has taken place in the tumor or it has ceased to regress, and 
providing the patient’s general condition remains satisfactory. 

One important reason for accepting cases of advanced mammary 
cancer for radiation treatment lies in the fact that occasionally a case of 
this type may give a far better result following palliative irradiation than 
one could have hoped for when the patient was first seen. We recently 
performed a necropsy on a woman who had been kept alive for six and 
one-half years by the proper palliative irradiation of an inoperable mam- 
mary cancer. Another patient, aged 56, had an enormous tumor, 14 by 
12 by 10 cm., situated in the axillary tail of the left breast. The micro- 
scopic diagnosis was carcinoma. Large, soft, discrete lymph nodes were 
also palpated in the left supraclavicular space. Six weeks later, follow- 
ing one cycle of treatments by the 4 Gm. radium element pack at 6 cm. 
distance for 16,000 milligram hours to each area, the supraclavicular 
nodes had disappeared, and the primary carcinoma had diminished until 
only a small nodule less than 2 cm. in size remained ; interstitial irradia- 
tion will be given. Fortunately, the more rapidly growing and early 
metastasizing carcinomas are usually radiosensitive in similar degree, 
which accounts for these favorable responses in seemingly hopelessly 
advanced cases. 

Some of the patients with the acute inflammatory type of mammary 
cancer do very well for a considerable period following appropriate irra- 
diation. The explanation for the failure of surgical intervention lies in 
the diffuse invasion of the dermal lymphatics. Almost any line of inci- 
sion passes directly through invaded lymphatic vessels and venules with 
no barrier to prevent immediate recurrence or wide dissemination. 

Whenever inoperability is due to fixation of the primary tumor to 
the thoracic wall or to the state of the axillary nodes, we employ the 
same procedure in radiation treatment as obtains for the primary oper- 
able mammary cancers, namely, external irradiation followed by inter- 
stitial irradiation in properly measured dosage (table 13). The method 
constitutes the nearest approach to the successful treatment for inopera- 
ble mammary cancers, and is handicapped only by the inaccessibility of 
metastases in the liver, lungs and bones. The delivery of proper tissue 
doses of irradiation by interstitial means, for the first time affords the 
hope of curing certain inoperable carcinomas of the breast. 
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Localized shotty subcutaneous nodules in the thoracic wall are treated 
Grst by blanket external irradiation and then by the implantation of gold 
radon seeds of from 1 to 2 millicuries in strength beneath these nodules. 
\ barrage of these gold seeds is sometimes placed around or in advance 
; progressive cutaneous metatases or extensions. 

C mplete dissection of the supraclavicular area to remove metastases 
in nodes cannot be done without divison of the clavicle, which seems a 
surgical measure not to be recommended because there are probably 
extensions of the disease beyond the supraclavicular area. Likewise, 
the presence of axillary nodes with extension well up behind the clavicle 
is the precursor of supraclavicular involvement. Interstitial irradiation 
of the supraclavicular nodes even when they are surgically exposed, 1s 
sometimes attended by an intractable neuritis, which may persist for 
many months. The introduction of gold seeds into these nodes must be 
done cautiously, and the dose must be less per cubic content of tissue 
than for metastases in the axillary lymph nodes. Repeated external 
irradiation of the supraclavicular space, even when no palpable disease 
is present in this location is followed by an immediate puffiness and a 
later fibrous formation which obliterates the fossa and simulates the 
presence or persistence of cancer. 

Metastasis to the sternum is of frequent occurrence. Our experi- 
ence indicates that this localization of metastatic mammary cancer is 
favorable, because of the effectiveness of radiation therapy. One patient 
has remained well for six years, and another patient presents no evidence 
of recurrence four years after external irradiation to sternal metastases 
which appeared subsequent to mastectomy. We can offer no explana- 
tion for the relative radiosensitivity of mammary cancer metastatic to 
the sternum. Radium seems to be more effective than roentgen rays in 
the treatment for these lesions. 

The irradiation of metastases to bone serves three purposes ; it may 
cause an immediate subsidence of pain; it may induce a partial regression 
of the metastatic carcinoma, and it may stop destruction of bone. When 
properly administered treatments by radium or roentgen rays are given 
to these metastases, the reparative osteogenesis often proceeds without 
delay. In fact, pathologic fractures through metastatic bone lesions 


irom primary mammary cancer can heal with good formation of callus, 


tollowing these treatments, a phenomenon also observed for the patho- 
logic fractures of certain primary tumors of the bone, such as the endo- 
thelial myeloma of Ewing and the benign giant cell tumor. <A patient 


who presents multiple or disseminated metastases to bone obtains a 


freat 


ater regression in these metastatic lesions by irradiation than one who 
presents a single metastasis to bone. The reason for this difference is 
hat the type of tumor that metastasizes widely to several bones is usu- 
cellular, anaplastic, small cell, radiosensitive carcinoma. 
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9—To illustrate the use of measured tissue doses of irradiation in the 
ent of patients with inoperable mammary cancer. 

\. S., a colored widow, aged 58, applied to the Memorial Hospital on Aug. 28, 
1929, complaining of a rapidly growing lump in the left breast. She had one child, 
now aged 26, whom she had nursed for one year without lactational difficulties. 
She had had four miscarriages. The menopause had occurred in 1916. In May, 1928, 
she first felt a lump in her left breast ; this lump had increased rapidly in size during 
the six months prior to admission. On physical examination, the right breast 
was atrophied. The upper median segment of the left breast contained a hard, 
delimited tumor measuring 5.5 by 4 by 4 cm. There was definite fixation to the 
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g. 28 (case 9).—Graphic representation of superimposed transverse and 
ical contours of the left breast, illustrating the estimation of the depth of 


ige by external irradiation. 


cent skin, and the left nipple was contracted. The left axillae contained 
ete large lymph nodes; there was one fixed hard nodule in the left infra- 
lavicular space. A roentgenogram of the chest showed a very small nodular 
mass in the right hilus, which was interpreted as an early metastasis. The clinical 
liagnosis was primary inoperable carcinoma of the breast with metastases to the 
xillary and infraclavicular nodes. 


mediate treatment was instituted, a high voltage roentgen cycle being applied 
left breast with drainage areas (from August 29 to September 17). This 
lowed on September 21 by the implantation of 15 gold radon seeds contain- 
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ing 43.43 millicuries in the mammary tumor, 4 gold seeds containing 10.4 mil! 


ures 
in the left axilla and 2 gold seeds containing 5.2 millicuries in the infraclavicylar 
node. The mammary tumor received a total of seven skin erythema doses jn its 


depth. All palpable evidence of this mammary cancer had disappeared by Oct 
21; the patient remained free from local recurrence in the irradiated area, but 


ober 
there 
has been some increase in the number and density of the peribronchial shadows 

Comment.—Primary inoperable mammary cancers may be treated by properly 
measured doses of irradiation in sufficient quantity to insure the disappearance of 
cancer in the breast and adjacent lymph nodes. This method constitutes the 
procedure of choice and is the only available measure for palliation and possible 
cure for inoperable carcinomas of the breast (fig. 28). 


C. RECURRENT CARCINOMA OF THE BREAST 

Few recurrent carcinomas of the breast are operable. During the 
last twelve years, 2,234 patients with carcinoma of the breast were treated 
at the Memorial Hospital; less than 50 of these patients had recurrent 
operable cancers. We define a recurrent operable mammary cancer as 
a single, freely movable tumor recurring in the operative field. 

On the other hand, patients with recurrent inoperable carcinomas of 
the breast constitute the largest division or group admitted to the hwes- 
pital, according to our plan of classification. The cases of recurreni 
inoperable carcinoma, of necessity belong entirely to the field of radiol- 
ogy, for radiation therapy offers the only hope of arresting or eliminating 
the disease or relieving many of its distressing symptoms... Frequently 
the recurrences together with possible distant metastases are too wide- 
spread for effective radium therapy. The presence of the operativ: 
sear and the multiplicity of the lesions militate against successful irradia 
tion. When the breast has been amputated, a most valuable holder for 
interstitial irradiation is thereby lost. Recurrences in the wound or 
scar are in such close approximation to the thoracic wall that great cau- 
tion must be exercised in the implantation of gold radon seeds, else the 
ribs will be injured by the radiations. The disappearance of the diffuse 
cutaneous recurrences of inflammatory carcinoma of the breast after 
roentgen treatment is striking. Diffuse recurrences are treated by roent 
gen rays rather than by the radium element pack for two reasons: thi 
area of skin exposed can be larger, and the depth of the dose in the skin 
and subcutaneous tissues can be appreciably greater (table 3). In 
instances in which the recurrence is well localized, the radium tray, at 
3 cm. focal distance, is applied for a dosage of from 3,000 to 3,500 
millicurie hours. We have treated many patients with localized recur 
rent carcinomas by measured tissue doses of irradiation, using external 
irradiation followed by the implantation of gold radon seeds. 

Recurrent carcinomas ulcerate quickly. The ulcer may spread widely. 
remaining superficial. We have had considerable success in treating these 
large superficial ulcers by unfiltered or very lightly filtered (from 1 to 
2 mm. aluminum) roentgen rays, which stimulate rapid healing. 
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ite Changes in the Skin Following Irradiation—When the low 


it 


voltage type of roentgen treatment was given over a long time, especially 


in the primary inoperable cases, considerable atrophy of the skin and 
small telangiectases would sometimes appear two or three years later. In 
many cases these have increased in size and number, often covering the 
entire irradiated area; the extreme complication is ulceration and the 
supervention of squamous cell epithelioma. This necessitates wide exci- 
sion of the leathery skin and subsequent skin-grafting. Our experience 
has led us to believe that small doses of irradiation repeated at intervals 
over a long time are far more likely to cause these changes than a single 
massive dose from which the skin recovers quickly with little resultant 
damage and no late complications. Our present method of administer- 
ing all the radiation therapy in less than three weeks is not attended by 
significant late changes in the skin. 














Fig. 29—(A) Flat, superficial, ulcerated recurrent carcinoma of the left breas: 
(4) Clinical disappearance of recurrent tumor with epithelialization following 
two treatments by unfiltered roentgen rays. 


Local Excision and Irradiation in Selected Cases of Mammary Car- 
cinoma.—In general, we do not approve of the principle of local excision 
and irradiation of mammary cancer. In certain cases, however, this pro 
cedure has been carried out with success, notably whenever the original 
clinical diagnosis was mastitis or fibro-adenoma, and a frozen histologic 
section and microscopic diagnosis revealed carcinoma but the patient 
refused the complete operation ; and whenever local wide excision of a 
suspicious lump in the breast was followed by the diagnosis of encapsu- 
lated papillary intraductular or papillary intracystic carcinoma, with no 
evidence of infiltration. Radical mastectomy is the procedure of choice, 
jor though the carcinoma is of low grade malignancy and appears to 
have been excised completely, the possibility always remains that new 
carcinomas of similar structure may originate in other ducts or cysts 


within the same breast. In the event that the complete operation is not 


dor ( 


and no regional metastases are known to exist, we have inserted 
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gold seeds widely through and in the fresh wound before suturing, 
thereby insuring accuracy of placement for the interstitial irradiation: 
sometimes, however, the healing of the wound is delayed. This is fol- 
lowed by heavy external irradiation (radium element pack or roentgen 
rays) over the breast and drainage areas. 


SUMMARY 


1. Preoperative external irradiation for mammary carcinoma is of 
value, as is proved by: (1) the occasional regression of tumors so 
treated ; (2) the histologic changes produced, and (3) the better clinical 
end-results. 

2. An efficient devitalizing dose cannot be delivered by external 
irradiation alone. 

3. To deliver an efficient dose one must use interstititial irradiation. 

4. The tissue dose delivered to the tumor should be measured and 
expressed in skin erythema units. This dose should be prescribed. 

5. Tables prepared in the physical department enable the clinician 
to translate into terms of skin erythema units the tissue dose delivered, 
whether by external or interstitial irradiation. 

6. The universal tissue dosage necessary to effect destruction of a 
radioresistant mammary cancer approximates twelve skin erythema 
doses. 

7. The safest procedure is to treat all patients with mammary cancers 
with the same sufficient dose, because (1) radiosensitivity cannot always 
be determined before operation, and (2) the same tumor may contain 
radioresistant and radiosensitive areas. 

8. Mammary cancers vary markedly with respect to radiosensitivity 

9. The mammary gland will tolerate safely an enormous dose of 
interstitial irradiation. 

10. The possible menace of dissemination of the disease by the 
method of interstitial irradiation has been considered. We have not 
seen evidence of such a dissemination in this series. Preliminary exter- 
nal irradiation lessens this possibility. 

11. All preoperative irradiation should be given within three weeks 
or less time. 

12. Six weeks should elapse following interstitial irradiation before 
radical amputation is performed. 

13. An interval of six weeks is necessary, because after this interval 
(1) the effects of irradiation are complete, (2) complete destruction of 
the tumor is accomplished and (3) wound healing is unimpaired. 


14. Our present treatment for primary operable mammary cancer 1s 
external irradiation, then interstitial irradiation and finally radical ampu- 
tation six weeks later. 
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[he axilla is irradiated by (1) preoperative roentgen rays or 
radium element pack, followed by (2) interstitial gold-filtered radon 
distributed along the gland-bearing areas. 

16. The pathologic changes produced in mammary cancer by exter- 
nal irradiation are mainly due to vascular effects. There are moderate 
hydropic swelling of the tumor cells, moderate atrophic degeneration, 
marked collagen swelling, productive arteritis with thrombosis and 
calcific deposits in the vessel walls and productive fibrosis. 

17. The changes produced by interstitial irradiation are mainly direct 
effects on the tumor tissue, namely, ballooning degeneration, hydropic 
swelling, giant nuclei and atypical degenerative mitoses, a tendency 
toward squamous metaplasia followed by sloughing, hemorrhage, infil- 


tration by fatty macrophages with ensuing extensive calcific deposits, 


often acute capillary necrosis with resultant tumor necrosis, squamous 
metaplasia of normal adjacent lobules in the breast, collagen swelling, 
productive fibrosis and late atrophy of the residual tumor. 


Nore.—In the continuation of this study, all new cases of primary operable 
carcinoma of the breast are divided into three categories for the purpose of 
evaluating the different methods of treatment, namely: (1) surgical intervention 
alone, (2) external and interstitial irradiation followed by surgical intervention and 
(3) irradiation alone. The patients for these groups are not selected, but are 
assigned in the order of their application to the clinic. Time will reveal the rela- 
tive effectiveness of these procedures. 
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DISEASES OF THE LARGE INTESTINE* 


C. C.. Me@hLUReE, M.D. 


CLEVELAND 


Diseases and abnormalities of the large intestine are far too 
numerous to be described in one paper; I shall discuss, therefore, only 
the more common conditions that may be encountered in the routine 
examination of the gastro-intestinal tract. 

The normal contour and position of the colon, as well as many of 
the abnormal positions that it may assume, are familiar to all physicians. 
It may not be so well known, however, that a transverse colon that 
crosses the upper part of the abdomen is more or less rare. In the 
majority of cases, one finds that the colon falls well below the umbilicus, 
and it is not unusual to find a transverse colon with its midpoint 
below the urinary bladder. In many cases the rotation of the colon is 
incomplete ; frequently the embryonic stage is not fully resolved. The 
normal sigmoid flexure is generally from 16 to 17 inches long (40.6 
to 43.1 cm.), but this length may vary, a redundant sigmoid sometimes 
being several feet in length. Doubtless some cases of obstipation are 
due entirely to this redundancy. The dilated colon, also, is often a 
source of difficulty. At the present time, extensive work is being done 
in an effort to prove that, in some cases at least, colonic stasis is directly 
responsible for arthritis, stasis being apt to occur, of course, when the 
colon is dilated, spastic or redundant. The intestinal activity is acceler- 
ated in the presence of hyperthyroidism, and diarrhea may be expected 
to occur; conversely, hypothyroidism is held responsible for hypo- 
motility of the intestines, with its accompanying symptoms of consti- 
pation and toxemia. 

SPASTIC COLITIS 

The etiology of spastic colitis has not been ascertained, although 
many theories have been advanced to account for the syndrome desig- 
nated by this name; some writers even argue that it is not a definite 
condition, and many competent clinicians ignore its existence completely. 
It is my belief that spasticity of the colon is a real entity and one that 
can be definitely demonstrated. In the majority of cases, the condition 
does not become serious, although at times it causes alarming symptoms 
which may be readily misinterpreted. This misinterpretation occurred, 


in tact, in two cases that recently came under my observation. 


* Submitted for publication, July 13, 1931. 
From the Cleveland Clinic. 
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In one of these cases the roentgenogram showed a constant { ing 
defect in the sigmoid flexure. At operation, the only finding was 
spasticity in the area of the roentgenographic deformity. In the other 





Fig. 1—Roentgenogram illustrating a case of stone in the appendix of a child 


This was a retrocecal appendix that had ruptured. The arrow points to the stone 








Fig. 2—Megacolon in a child. Note that the colon almost entirely fills the 


abdomen. 


case the same principle was illustrated, although the spastic area was 
not in the colon. All the cardinal symptoms of complete intestinal 
obstruction were present in the latter case, and consequently an opera- 
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tion was performed. The patient died on the operating table, and at 
wutopsy a spastic area in the jejunum was disclosed. Had a test been 
made with atropine or some other antispasmodic, doubtless an operation 
vould not have been performed and the patient would still be alive. 
Spastic colitis is a functional condition that may give rise to 
uumerous symptoms, the most common of which are constipation, 
fatulence, abdominal malaise and pain (either localized or general). 
‘ the spasticity persists, it may lead to an inflammatory change with 





Fig. 3—Roentgenogram showing a portion of the colon herniated high into 
the left pulmonic field. 


its accompanying symptoms. Since constipation is the most constant 
symptom, it is surprising to learn that often there is marked colonic 
hypermotility, the head of the barium meal reaching the rectum in a 
iew hours. This is not difficult to understand, however, in view of the 
mechanism that causes spastic colitis. According to Gauss,’ several 
theories have been advanced to explain hypertonicity. Among these 


{ 
t} 


eories are those of an unstable nervous system, a submerged 


rauss, H.: The Spastic Colon, Ann. Int. Med. 3:1128, 1930. 
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fear complex acquired in early life and an inherited spasmophilic 


tendency. “The direct etiologic factor is an open problem today. 


Nevertheless, it has been observed that usually the patient with a spastic 
colon is a neurotic individual given to introspection, and that the hyper- 
tonicity of the colon is a local manifestation of a general spasmophilic 
tendency.” Spasticity, no doubt, is the underlying cause, this being 
due to a variable degree of reflex contraction of the smooth muscle 
fibers. 
ULCERATIVE COLITIS 

It is probable that ulcerative colitis is caused by an infection that 

has been superimposed on tissues the resistance of which has been 





Fig. 4.—Roentgenogram showing an abnormal position of the proximal colon 
Scarcely any of the colon is seen to the right of the midline. The cecum and 
appendix are low in the pelvis. 


lowered as the result of a predisposing condition, such as long-standing 
catarrhal inflammation of the bowel or severe spasticity of the colon. 
The ulcerations vary greatly in size, some being only as large as a pin- 
head while others completely surround the lumen of the colon. Some 
ulcerations may be very superficial, becoming completely healed in a 
few days, while others may extend to the muscular coat or may even 
penetrate the wall of the colon and involve the peritoneum. 

The disease is apt to be sudden in its onset, with lancinating pains 
over the course of the colon, accompanied by griping and frequent 
bowel movements. There are severe constitutional disturbances, and 
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‘1 those cases in which the disease is progressive, despite treatment, 
the resulting mental condition parallels the effect of the toxemia on the 
nervous system. These attacks occur in cycles, and between them 
the patient has complete comfort. After a few attacks, mucus, pus and 
blood are passed, and in severe cases the condition of the patient is 
distressing. 

Ulcerative colitis may be confused with dysentery, typhoid fever 
or a malignant condition. It presents many of the characteristics of 
the later stages of bacillary dysentery, but is not so fulminating in its 
onset and does not produce profound toxemia, and the fever seldom 
is as high as in the former condition. The final differentiation, how- 
ever, depends on the results of stool cultures and agglutination tests. 
\mebic dysentery is more gradual in its onset; it presents stools con- 





i 
z 





diaphragm on the left. 


taining amebae and gray, blood-stained or yellow mucus, and the condi- 
tion of the patient is improved after three or four days of treatment 
with emetine hydrochloride. In this country, chronic bacillary dysentery 
is less common than is chronic ulcerative colitis, and its diagnosis is 
made 


le by agglutination tests. Examination with the sigmoidoscope may 


reveal tumors or ulcers in the rectum and permit the obtaining from 
them of mucus, a slough or a scraping for examination or culture. 
\ roentgenogram may be helpful in the recognition of colitis by 
revealing the presence of spasm or areas of ulceration. 

yphoid fever may be differentiated from ulcerative colitis by a 
history of exposure to a source of infection, followed in two or three 
weeks by an insidious onset, and at the end of another week by the 
levelopment of rose spots and enlargement of the spleen. The tem- 

ure curve in typhoid fever usually is characteristic, and there are 


1 


e} 
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progressive leukopenia and lymphocytosis. Blood cultures may give 
positive results as early as the second day, and the Widal reaction 
is positive after the tenth day. 

Cancer develops much more slowly than ulcerative colitis, and pain 
and griping are rarely seen early in malignant disease. 


Constipation is 
one of the earliest symptoms of carcinoma, as is the case in colitis, but 





Fig. 6.—Roentgenograms showing varying degrees of redundant sigmoid. 


in a case of carcinoma the patient is comfortable after the bowels have 
moved, except in the late stages of the disease, while in colitis a bowel 
movement fails to give relief. 
PERICOLITIS 
The manifestations of pericolitis vary with the duration of the con- 
dition, the type and virulence of the infecting organism and the length 
of intestine involved. The chief symptoms are constipation, alternating 
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.ecasional diarrhea, constitutional disorders resulting from absorp- 
localized abdominal soreness or pain on pressure, a_ palpable 
,jominal mass, which may readily be mistaken for a tumor, and mucu 


s 
lood in the stools. Mild and sometimes alarming symptoms of 


estinal obstruction may be present, depending on the degree of nar- 


. 7—Two cases of chronic ulcerative colitis. Note the loss of tone in the 








g. 8—A, a case of diverticulosis. Note the diverticula along the entire course 


he colon. 8B, roentgenogram of a typical colon twenty-four hours after the 


rowing of the lumen of that portion of the colon involved. In cases 
1 which the temperature is high, an abscess may be suspected. 
In obscure cases it is necessary to differentiate between this con- 
ion and appendicitis, diverticulitis and cholecystitis. Fluoroscopic 
mination and roentgenograms following a barium sulphate enema 
often aid in making the differential diagnosis, although in diver- 





418 ARCHIVES OF SURGERY 


ticulitis the enema is not so important as the twenty-four hour barium 
examination, since barium sulphate when given by mouth is so much 
more certain to fill a diverticulum than when given by enema. 


APPENDICITIS 


I do not mean to imply that all cases of appendicitis can be diag- 
nosed by roentgenograms, but many cases cannot be diagnosed pre- 


Cc 





Fig. 9.—A, roentgenogram of sigmoid extending to right lower quadrant. 


Note several small diverticula in the sigmoid. 8B, diverticulosis of the sigmoid. 


Note the long loop of sigmoid with evidence of pressure from an extrinsic mass. 


C, roentgenogram showing almost complete obstruction in the sigmoid due to a 


large inflammatory mass in the area designated by the arrow. The presence of 
several small diverticula proximal to the lesion is evidence in flavor of a non- 


malignant tumor. 


operatively by any other method. Acute appendicitis is not a problem 


for the roentgenologist, but one that should be handled promptly by 
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the surgeon. The cases in which roentgenographic study is of value are 
those in which there is a history of vague abdominal uneasiness or 

ress, with a digestion that is not up to par. In many instances 
suspected cholecystitis can be ruled out by the roentgenographic demon- 
stration of incomplete rotation of the colon which leaves the cecum and 


Fig. 10—A, roentgenogram showing the cecum lying high in the right upper 
juadrant. It is in such cases as this that a diagnosis of appendicitis is difficult. 
a similar case. The arrow points to the tip of the appendix lying high under 
, roentgenogram showing the cecum lying in the midline. D, roent- 
genogram showing the cecum lying far to the left. Should appendicitis develop 
in this case, it would be difficult to diagnose. Symptoms would be referred to 
lower left quadrant. 


the liver. C 


ppendix in the region of the gallbladder. Often also it is possible to 
nstrate the presence of an elongated retrocecal appendix with the 
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tip high up under the hepatic flexure, a finding that is of value in 
the differential diagnosis and of assistance to the surgeon in planning 
his incision. The presence of stones in the appendix also can be dem- 
onstrated roentgenographically, as well as adhesions that prevent the free 
movement characteristic of the normal appendix. In other types of 


appendiceal disease an irregular filling can be demonstrated that corre- 
sponds to definite localized tenderness. It is not often that the appendix 
is found in the classic McBurney position, but it can be localized accu- 





Fig. 11.—Roentgenogram showing a large filling defect in the first portion ot 
the ascending colon due to carcinoma. 


rately with x-rays, while pressure will determine the presence or absence 
of tenderness. Delayed emptying of the appendix (from twenty-four to 
seventy-two hours after the head of the colon has emptied) is thought 
by some authorities to be evidence of chronic appendicitis. 


FOREIGN BODIES 


The presence of foreign bodies can be demonstrated roentgeno- 
graphically only when they are of opaque material. Serial roent- 
genograms and fluoroscopic examinations are essential in order to follow 
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the progress of the foreign body through the intestinal tract and to make 
sure that it has not lodged at some vulnerable point. 


TUBERCULOSIS 

Tuberculosis of the colon and rectum may be either primary or 
secondary. In a review of 100 cases, Gant? found that the infection 
was secondary in 75 per cent, and that in the majority of these the foci 
were located in the lungs, larynx or pharynx. Primary tuberculosis of 
the colon usually develops in the cecum or at the anus, while secondary 
lesions may be found anywhere in the intestinal tract, although they, 
too, are found most frequently in the cecum and rectum. Many factors 
contribute to produce this result, such as the greater speed of the intes- 








Fig. 12—A, roentgenogram showing a filling defect in the cecum due to car- 
inoma. B, roentgenogram showing a filling defect in the ascending colon due to 


1 large carcinoma. 


tinal content through the small bowel, which does not permit the bacilli 
to find lodgment there; attenuation of the bacilli by the gastric juices, 
their virulence not being recovered until the cecum or colon is reached ; 
the alkaline reaction of the feces after the ileocecal region is attained, 
which provides a more propitious environment for the bacilli; the 
formation of hardened masses of feces in the cecum, which traumatize 


the mucosa and produce conditions favorable to infection, and the 


abundant lymphatic distribution in the ileocecal region, which favors 
the development of tuberculosis. 
Several types of tuberculosis are found in the colon, the most 
common of which are the hyperplastic, ulcerative and miliary. 
Gant, S. G.: Diseases of the Rectum, Anus and Colon, Philadelphia, 
Saunders Company, 1923, vol. 3, p. 43. 
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Hyperplastic tuberculosis occurs in both children and adults, most 
frequently in the third decade. It may be primary or it may be sec- 
ondary to a focus higher up in the intestines or in some other organ, 
It produces a slow-growing tumor which at times is quiescent for two 
or three years before it attains sufficient size to occlude the lumen of 
the intestine and produce symptoms of obstruction. These tumors 
usually feel smooth when palpated, but examination of a gross section 


reveals a very irregular, hard and brittle type of tissue. Usually they 


are fixed, but they may be slightly movable. The rigidity of the 
terminal ileal segment is a characteristic roentgenographic observation. 

In the ulcerative type of tuberculosis, the ulcers may be superficial 
or deep. Superficial ulceration may heal promptly, but deep ulceration 
progresses rapidly and is almost impossible to control. The mixed 


Fig. 13.—A, the arrow points to a deformity in the transverse colon due t 
carcinoma. B, a similar case, but less obstruction is present. However, note the 
beginning dilatation of the colon proximal to the obstructing area. 


infection that must follow soon causes toxemia, imperfect digestion, con- 
stitutional manifestations, persistent diarrhea and extensive destruction 
of the mucosa and deeper bowel coverings. Hemorrhage, peritonitis, 
abscess, adhesions and other serious complications may be encountered, 
and if surgical intervention were instituted, a generalized miliary tuber- 
culosis of all the abdominal viscera might be found. 

The prognosis of intestinal miliary tuberculosis is unfavorable 
because it is secondary to a well established process elsewhere, and the 
patient is debilitated and unable to withstand the ravages of the fast- 
spreading tuberculous process. 

DIVERTICULA 

A diverticulum is a non-neoplastic outpouching of intestine, having 

a lumen that connects with the bowel or that formerly connected with it. 
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Diverticula may be congenital (true) or acquired (false), the latter 
form appearing more often between the ages of 40 and 60 years, and 
bout twice as frequently in men as in women. Diverticula may develop 
at any point along the course of the colon, but are found most com- 
monly in the sigmoid flexure, the descending colon, the cecum and the 
transverse colon. The hepatic flexure also is frequently involved, and 
diverticulitis at this point is at times most difficult to differentiate. 
Diverticula may be single or multiple, large or small, smooth or 
irregular. The sacs may be quiescent for many years and then suddenly 
become obstructed, resulting in acute inflammation. Symptoms may 
then become severe and lead to the belief that appendicitis, peritonitis, 
intestinal obstruction, a new growth, or an abscess is present. Definite 








—A, a filling defect as seen fluoroscopically in the lower descending 

The loop of the sigmoid obscures the deformed area. B, the same case 

aiter air has been injected into the colon. The arrow points to a filling defect 
due to carcinoma. 


proof that many diverticula never produce symptoms is presented by 
the frequent finding of such pouches during the course of routine 
gastro-intestinal examinations and at autopsy. 


Diverticulitis may be acute or chronic, more often the latter. 


Because of the size, form, consistency and macroscopic appearance of 
the tumor, a diverticulum often is mistaken for carcinoma. Doubtless 
many of the supposed carcinomas that have been reported cured by 
operation have in reality been merely inflammatory masses caused 


diverticulitis. It may be that these diverticula are a predisposing 
‘ause of carcinoma, but to determine this definitely would require 
tensive research. 
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After the onset of inflammation in a severe case of diverticulitis. 
there will be localized tenderness, intense cramps and constipation with 
a sensation of blocking. When the lumen is almost occluded there are 
marked formation of gas, severe pain, muscular rigidity, nausea and 
vomiting, an increased temperature and pulse rate and mucus, pus 


and blood in the stools. If the process progresses to the point of rup- 


ture, the usual symptoms of spreading peritonitis are present. If an 
abscess forms, there is continued localized pain and swelling until it has 
ruptured into the intestine or peritoneal cavity or has been drained. 
Given a history of chronic left-sided inflammation, with periodic 
exacerbations and an absence of cachexia and loss of weight, a diag- 


— = —— — ——— | 
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Fig. 15.—Roentgenogram showing carcinoma of the sigmoid. This could not 
be seen with the patient lying flat. The film was exposed with the right side 
of the patient uppermost. The sigmoid is a frequent location for carcinoma. The 
coils of the lower sigmoid and rectum overshadow these growths. 


nosis of diverticulitis usually is justified. Proctoscopic examination 
may reveal a small opening from which pus is draining, and pus in the 
bowel is suggestive of diverticulitis. 

If the patient’s condition is extremely grave, it is not advisable to 
subject him to a roentgenographic examination. Cases have been diag- 
nosed, however, in which the obstruction was almost complete, a barium 
sulphate enema showing the filling defect. It is often impossible to 
make the differentiation on the basis of the roentgen examination alone, 
but the small cavitation that is present in carcinoma is rarely seen in 
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‘iverticulitis. The deformity, of course, is due to narrowing of the 
lumen of the colon, but in diverticulitis there is, as a rule, no break 
‘1 the mucosa and the rugae can be seen in the deformity. 


CARCINOMA 


Unfortunately, early carcinoma of the colon is difficult to diagnose 
roentgenographically, as a filling defect does not develop until the late 
stages of the disease. It is impossible to see the early ulcerations, and 
a mass must be present that will displace a portion of the column of 
barium sulphate in the colon before a diagnosis can be made. After 
the growth has become large enough to produce partial obstruction, 
dilatation of the colon proximal to the lesion will be noticed. In many 
instances carcinoma of any portion of the colon may be overlooked if 
redundancies cover up the lesion. A fluoroscopic examination should 
be made from all angles, therefore, in an effort to throw these redun- 
dant loops out of the field of vision and pick up some small filling 
defect on either the anterior or the posterior wall of the intestine. 
Patients suffering from early carcinoma of the colon, however, seldom 
present themselves for roentgenographic examination. 

Fully developed cancer of the colon usually produces fairly typical 
symptoms : alternating constipation and diarrhea, distention of the colon, 
tenderness, localized abdominal pain, attacks of offensive discharge con- 
taining mucus, blood, pus and possibly tissue fragments, loss of weight, 
cachexia, visible peristalsis and a filling defect, with evidence of dila- 
tation of the colon proximal to this defect. It is often difficult to pass 
any of the opaque medium through the area of partial obstruction 
when the barium meal is given by enema, though a small amount may 
pass the obstruction when the barium meal is given by mouth. Atropine 
and other antispasmodics offer little assistance in the passage of the 


enema through the deformed area. When cecal carcinoma is suspected, 


a delay in ileal emptying is a significant sign. A proctoscopic exami- * 
nation should always be made before a barium sulphate enema is 
administered, in order to detect any evidence of the disease that may 
be visible in the rectum or lower bowel. Barium sulphate should not be 
given before this examination is complete, as it coats the bowel and 
obscures any evidence of disease that may be present. 





OPERATIONS ON THE SUPERIOR POLE 
OF THE THYROID * 


C. A. ROEDER, M.D. 


OMAHA 


The most successful operations on the goitrous or toxic thyroid com- 
prise the preservation of parathyroid, laryngeal and tracheal function 
and the removal of enough glandular tissue to allow thyroid function 
to be controlled by the patient’s physiologic reactions or by the admin- 
istration of desiccated thyroid extract. The accidental injuries to the 
recurrent laryngeal nerves and parathyroid have encouraged most of 
the attention of surgeons to the middle and lower portions of the gland. 

From observations of my own series of over 1,800 resections of all 
types of goiters and of many more operated on by other surgeons, | 
have witnessed an undesirably high percentage of changes in the tone 
of the voice, i. e., a lower pitch with a decreased range and huskiness, 
with or without a partial loss and lasting for a varying length of time. 
Changes in the voice and moderate obstructions to inspiration are 
generally of short duration and due, in nearly all instances, to a conges- 
tion of the mucous membranes of the larynx and trachea, postoperative 
immobility of the larynx, loss of vocal cord tension and temporary 
injuries to the superior and inferior laryngeal nerves producing incom- 
plete abductor and adductor vocal cord immobility. During all voice 
changes, and when particularly prolonged, a hysteroid background must 
be kept under consideration. 

Surgical trauma during resections of goitrous thyroids is often not 
followed by a corresponding degree of aphonia or laryngeal dyspnea. 
Surgeons frequently see examples of adductor or abductor vocal cord 
paralysis in which they feel positive that the inferior laryngeal nerve 
had not been traumatized in any manner. They have also expected a 
loss of voice following the removal of deeply lying and adherent 
adenomas, operations which could hardly have failed to injure the 
inferior laryngeal nerves, and they have been greatly surprised to hear 
the patient talk almost as well as ever. These two differing experiences 
suggest that the innervation of the larynx is at times irregular and not 


as well understood as one desires. Adductor paralysis results in a loss 


* Submitted for publication, May 27, 1931. 

* From the Department of Surgery, University of Nebraska. 

* Read in part before a meeting of the state societies of Wyoming, Montana 
and Idaho, Yellowstone Park, Aug. 12, 1928. 
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of voice, while abductor paralysis results in laryngeal dyspnea. Both 
conditions are generally assumed to be due to injury to the inferior 
laryngeal nerves. Loss of vocal cord tension results in a husky and 
lower tone of voice, which is often due to paralysis of the cricothyroid 
muscles innervated by the superior laryngeal nerve. Postoperative 
changes in the voice, obstructive dyspnea and tetany have turned almost 
the entire technical attention of surgeons to the middle and lower 
portions of goitrous thyroids. The object of this paper is to demonstrate 
that the removal of the superior pole of the thyroid, although easier, may 
he followed by at least as many complications as resections of any other 
portion of the gland. The parathyroids are often found lower than 
the superior pole and are here of less surgical importance. The only 
parathyroids present, however, may be attached to the superior pole. 


THE PRETRACHEAL FASCIA 

The thyroid gland is covered anteriorly and laterally by the so-called 
capsule which is derived from the middle or pretracheal layer of cervical 
fascia, and has been described by the majority of all authors as enclosing 
the entire gland. Only by embryologic studies, however, can this be 
definitely determined. Whether the gland reaches its usual position 
before the development of the pretracheal fascia or whether the fascia 
develops before the gland has fully descended are two questions of 
importance. Both, however, preclude the thought that this fascia sur- 
rounds the posterior surface of the thyroid. The dissections of Fowler 
and Hanson,' comprising 200 glands, did not in one instance show this 
iayer of fascia enclosing the posterior and inner surfaces of each lobe. 
Their findings correspond with those in many of my own surgical 
dissections, which showed a reflection of this fascia away from the 
posterolateral border of the gland to encircle the esophagus. Testut * 
described and illustrated this fascia as just stated. In other words, it 


is more reasonable to state that the thyroid does not possess a capsule 
but lies behind the pretracheal fascia, which continues its course the 
same as if the gland were not present. There is a thin closely adherent 


capsule developed from interparenchymatous tissue which is of non- 
surgical use or importance. 

The pretracheal fascia apparently folds over the anterior, external 
and internal surfaces of the superior pole, surrounding it more than 
any other portion of the thyroid, and binds this portion of the gland to 
the external lateral surfaces of the laryngeal cartilages and muscles. At 
the superior pole, therefore, it acts as a three-quarter sheath, and as it 
‘ontinues upward to be attached to the hyoid bone, it more or less 

1. Fowler and Hanson: Surg., Gynec. & Obst. 49:59 (Oct.) 1929. 


2. Testut: Traité d’anatomie humaine, ed. 7, Paris, Gaston Doin, vol. 1, 


a) 
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encapsulates the superior thyroid vessels and contains, within a separate 
compartment on its internal surface, the external branch of the superior 
laryngeal nerve. As the fascia lies opposite the thyrohyoid membrane, it 
is attached for several centimeters to the internal branch of the superior 
iarvngeal nerve just before it passes beneath the medial upper border of 
the inferior constrictor muscle of the pharynx, which border often lies 
lower than the upper extremity of even the normal superior thyroid pole. 
Forcibly pulling this fascia downward by traction on the superior poie, 
with or without high mass ligations, may injure the internal as well as 
the external branch of the superior laryngeal nerve (fig. 2). 
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Fig. 1.—Nerve trunks that may be involved following ligations and the removal 
of the superior thyroid pole, resulting in: (1) compete or partial loss of the voice; 
(2) laryngeal obstructive dyspnea; (3) aspiration of ingested fluids into the 
bronchi; (4) loss of sensation to the mucosa of the upper sphincteric larynx; 
(5) the thyromandibular reflex; (6) the vagopinna reflex; (7) paralysis of the 
soft palate, and (8) referred pain throughout the somatic distribution of the first 
four cervical nerves. 


The upper extremity of the superior pole of the thyroid, in a normal 
condition, usually lies opposite the upper portion of the lateral surface 
of the thyroid cartilage. Not infrequently, and particularly when 
hypertrophied, it lies opposed to the thyrohyoid membrane (fig. 2), and 
I have found enlarged poles lying against and even above the hyoid 
bone. In short-necked persons any sized gland may lie relatively much 
higher. Most anatomic textbooks describe the upper pole of a normal 
gland in a lower position than it is generally found in the living sub- 
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‘ect, owing, perhaps, to cadaveric contraction. The upper extremity of 
the pole generally lies higher than the gland’s first point of contact 
with the superior thyroid artery, which is on its anterior surface. In 
endeavoring to ligate the vessels before they reach the upper level of 
the superior pole of an enlarged gland with a high superior pole, the 
ligature or clamp must therefore lie close to or opposite the thyrohyoid 
membrane. In such ligations, particularly with the high lying or 
goitrous superior pole, the internal as well as the external branches of 
the superior laryngeal nerve may be involved (fig. 2). 
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Fig. 2—Upper, moderately high and high positions of the superior poles. Right, 
ligature involving vessels of the superior pole and the external branch of the 
superior laryngeal nerve. Left, ligature involving vessels of the superior pole and 
both external and internal branches of the superior laryngeal nerve. Lower, new 


technic which dissects the superior pole from behind the thyroid sheath, leaving 
both branches of the superior laryngeal nerve intact. 


Not infrequently, there is a posterior branch of the superior thyroid 
artery which lies along the posterior border of the superior pole, and 
often within a centimeter of the upper extremity of the inferior laryngeal 
nerve just before it passes beneath the lower borders of the inferior 
constricting muscle of the pharynx and the thyroid cartilage. In clamp- 
ing or ligating the posterior branch of the superior thyroid artery near 
the inferior border of the thyroid cartilage, particularly while pulling 


the pole downward and across the trachea, the recurrent laryngeal nerve 
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may be injured (fig. 4). Occasionally, a high lying inferior thyroid 


artery approaches the gland along the lateral surface of the superior 
pole, within a centimeter or two of the inferior laryngeal nerve, which 
may be included during an attempt to ligate the vessel in this vicinity 
Fig. 4). It is therefore possible to injure both branches of the superior 
laryngeal nerve and the upper portion of the inferior laryngeal nerve 
in the production of hemostasis of the superior pole. 
Most anatomic textbooks infer that the superior laryngeal nerve 
supplies sensation to the mucosa of the larynx and supplies motor 
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Fig. 3—Laryngeal branches of the vagus nerve, which prove the tenth cranial 
nerve to be a mixture of voluntary and involuntary motor and sensory, as well as 
sympathetic and parasympathetic, fibers. Note in 2 a branch from the superior 


laryngeal supplying motor fibers to the adductor or interarytenoid muscle. 


activity to only one muscle, the cricothyroid. The recent anatomic 
contributions by Berlin and Lahey, * Fowler and Hanson,! Dilworth," 
New,’ Mullin® and Nordland’ not only are instructive but further 
prove that the interarytenoid muscles, adductors of the posterior ends 
of the vocal cords, frequently receive innervation from the internal 


3. Berlin and Lehey: Surg., Gynec. & Obst. 49:102 (Oct.) 1929. 
. Dilworth, T. F. M.: J. Anat. 56:48, 1921-1922. 

. New, G. B.: Ann. Clin. Med. 1:262, 1923. 

. Mullin, W. D.: Ann. Otol. Rhin. & Laryng. 37:627, 1928. 
7. Nordland, Martin: Surg., Gynec. & Obst. 51:449 (Oct.) 1930. 
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ch of the superior laryngeal nerve. Vegus* also stated that the 
interarytenoid muscles in some instances receive branches from the 
internal branch of the superior layngeal nerve, that the recurrent 
larvngeal nerve subserves sensation up to the level of the vocal cords, 
and that above this, sensation is from the internal branch of the superior 
laryngeal nerve. 

| found in one instance, during the dissection of three larynges, that 
a twig from the internal branch of the superior laryngeal nerve extended 
to the interarytenoid muscle, the principal adductor of the posterior end 
of the vocal cord (fig. 3). When the nerve to this muscle, which may 
come from either the inferior or superior laryngeal nerve, is injured, 
adduction of the cords is about 50 per cent absent, and a marked change 
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Fig. 4—Note positions of the inferior laryngeal nerves and the posterior branch 
of the superior thyroid artery and how both may be crushed in hemostasis of this 
vessel. 


in voice occurs, sometimes a total aphonia. In addition, there may be 
a loss of the sphincteric action of the upper part of the larynx which 
occasionally allows fluids to run through into the bronchi during the act 
of swallowing. This may also happen when the inferior pharyngeal 
constrictor muscle is paralyzed by injury to either the superior or 
inferior laryngeal nerve. This muscle elevates the larynx, sliding the 
glottis upward beneath the epiglottis during deglutition. The internal 
branch of the superior laryngeal nerve supplies sensation to at least the 
upper part of the larynx. When this nerve is involved in ligations of the 
upper pole, not only is anesthesia of the upper larynx produced but in 
addition there often occur: (1) interarytenoid or adductor paralysis 
with aphonia, (2) loss of upper laryngeal sphincteric action, (3) the 
Vegus, V. E.: The Mechanism of the Larynx, London, William Heine- 
Ltd., 1929, p. 463. 
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thyromandibular reflex and (4) the vagopinna reflex. When anesthesia 
of the mucosa of the upper larynx occurs, the patient tolerates a pool 
of saliva resting on the vocal cords without coughing, and talks in a 
smothered tone as if the voice were coming through a mouth full of 


fluid. With this complication, there also may occur, as previously stated, 


an aspiration of fiuids into the trachea or bronchi during the act of 
swallowing. The normal sensory nerve supply to the mucous mem- 
brane of the upper half of the larynx is an extremely important pro- 
tective mechanism, producing, when irritated, a sphincteric action of 
the larynx above the vocal cords through contractions of the inter- 
arytenoid, thyro-arytenoid and lateral crico-arytenoid muscles, which 
are supplied by the superior and inferior laryngeal nerves. 

The inferior laryngeal nerve, in passing upward, is closely attached 
to the posterior and relatively thinner border of the superior pole by 
interparenchymatous thyroid connective tissue, which is not the pre- 
tracheal fascia. This attachment is sometimes so firm that when the 
superior pole is pulled downward and across the trachea, it retains such 
a firm hold that the nerve not only becomes sharply kinked around the 
inferior borders of the inferior pharyngeal constrictor muscle and 
thyroid cartilage but may be detached from its terminal muscle beds 
(fig. 4). In addition, as previously stated, it may be so elevated from 
its posterior position that a hemostat could easily involve it when a 
branch of the superior or inferior arteries needs clamping along the 
posterior edge of the superior thyroid pole (fig. 4). I have found 
repeatedly, as Fowler and Hanson reported, that the inferior laryngeal 
nerve is not held attached to the posterior border of the thyroid gland 
by the pretracheal fascia. Judd ® stated, in 1921, that he was under the 
impression that the inferior laryngeal nerve was frequently injured 
near its entrance into the larynx. 


THE THYROMANDIBULAR REFLEX 

The thyroid gland is supplied by sympathetic nerves which reach the 
gland as plexuses along the superior and inferior thyroid arteries from 
the superior and middle sympathetic cervical ganglions respectively. 
Branches, probably from the superior laryngeal nerve, are often seen 
to accompany the superior polar vessels along the anterior surface of 
the gland. When the superior thyroid vessels are ligated, under local 
anesthesia, the patient frequently complains of pain in the lower molar 
teeth on the corresponding side. Much more rarely pain is experienced 
along the lateral border of the tongue. The anatomic pathways of this 
reflex have, as far as I could determine, not been described. In con- 
sidering the rdle of the autonomic neurons in visceral afferent and 


9. Judd, E. S.: Ann. Surg. 73:321, 1921. 
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efferent stimuli, it must be kept in mind that one preganglionic neuron 
enters into synaptic reactions with numerous postganglionic neurons, 


producing a wide radiation of efferent reactions from a single afferent 


stimulation. Every sympathetic ganglion receives fibers from more than 
one reflex arch in the spinal cord, and splanchnic or visceral sympathetic 
irritation may be relayed to somatic or peripheral sensory zones and 
vice versa. 

The superior cervical sympathetic ganglion which sends fibers along 
the superior thyroid artery to the thyroid gland is connected, through 
gray rami communicantes, to the first four cervical spinal nerves. The 
sensory root of the trigeminal nerve is a long columnar neuropil known 
as the substantia gelatinosa, which extends downward through the 
posterior part of the medulla oblongata and upper spinal cord to the 
level of the second spinal nerve. It is the largest and most sensitive of 
all sensory roots and is attached intimately to the posterior or sensory 
horn of gray matter of the cord as low as the second spinal nerve. The 


Fig. 5.—Approximating the anterior edges of the thyroid and cricoid cartilages 
raises the tone of the vocal cords; separating them, as in paralysis of the crico- 
thyroid muscles, lowers the tone of the vocal cords. It may be possible to raise 
or lower the tone of the singing voice by a similar technic. 


pathway of the thyromandibular, splanchnosomatic, sensory reflex quite 
likely originates on the sympathetic plexus of the superior thyroid artery, 
passing to the superior cervical sympathetic ganglion, from there to the 
first or second cervical posterior root ganglion by way of gray rami 
communicantes and from there to the posterior or sensory horn of the 
spinal cord, spilling or synapsing onto the substantia gelantinosa which 
sends somatic sensory impulses along the mandibular nerve to the lower 
molar teeth. Why it does not send sensory impulses through the 
ophthalmic and maxillary branches of the trigeminal nerve is a deeper 
physiologic and anatomic mystery. Therefore, when trauma to the 
superior thyroid artery produces pain in the lower molar teeth, one has 
a compounded nerve reflex which probably originates in a sympathetic 
arterial nerve plexus, passes through a sympathetic ganglion to the 
ganglion of a sensory root of a spinal nerve and then, instead of only 
an immediate somatic zone registration supplied by the usually corre- 
lating upper cervical nerves, a portion of the impulse jumps to the 

t highly sensitive sensory root of another (cranial) sensory nerve 
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and registers in the somatic or peripheral zone of the inframandillar 
branch of the trigeminal nerve. The superior cervical sympathetic ¢an- 
glion is also connected with the petrosal ganglion of the glossopharyngeal 
nerve, to the ganglion of the root and trunk of the vagus, to the hypo- 
glossal nerve and to the pharyngeal plexus. Keeping these connections 
in mind in addition to the connections with four upper sensory cervical 
spinal nerves, it may be better understood why patients complained of 
so much pain during superior polar ligations of exophthalmic goiters 
as frequently practiced previous to the era of preoperative preparation 
with iodine. The ligated poles sent impulses to sensory zones well 
above and below the locally anesthetized area. 


MOTOR ROOT OF TRIGEMINAL NERVE 


} MEOULLA O81 ONGATA 


SUBSTANTIA GELATINOSA 
THE MEOULLO 
7 CENTER OF T 
MANDIBULAR BRANCH en y : } oor oF TR: 
SF TRIGEMINAL NERVE i 


SPINAL CORD 


SENSORY ROOT OF |” OR 2 SPINAL CERVCA 
NERVE IN CONNECTION WITH OR IN CLOSE 
PROXIPUTY TO SUBSTANTIA GELATINOSA 


AREA OF SOMATIC OF 


/ 
PERIPHERAL PAIN a 2 


PRODUCED BY LIGATING 
POLE 


FORCEPS LIGATING SUP THYROID ARTERY 
SUPERIOR THYROID ARTERY 
WITH SYMPATHETIC PLEXUS 
FROM SUPERIOR CERVICAL GANGL 
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Fig. 6—Diagram illustrating the possible reflex when the superior pole of 
the thyroid is ligated or clamped: the thyromandibular reflex. 


THE VAGOPINNA REFLEX 

When the superior laryngeal nerve is ligated, clamped or given an 
injection, particularly the internal branch, an occasional patient com- 
plains of pain in the external rim of the auditory canal and in the lower 
internal portion of the pinna. The reverse of this is true when the 
auditory canal is irritated, which often produces laryngeal irritation and 
coughing. The pathway of this first reflex originates in the superior 
laryngeal nerve, passing to the ganglion of the trunk of the vagus and 
from here out through Arnold’s nerve which is an auriculovagus sensory 
somatic branch, the peripheral distribution of which terminates in 
anterior and posterior branches on the external ear or auricle. 
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he posterior branch of Arnold’s nerve, which supplies the skin 
wer the lower and internal surface of the pinna, is known as “alder- 
man’s nerve,” owing to the treatment that the old governors of London 
accepted from their servants, who stroked the posterior surface of the 
external ears or pinnea of their masters with acrid and cooling solutions, 
alleviating in many instances the feeling of an overfilled stomach which 
these well satiated gentlemen contracted numerous times during a 
banquet of long duration. Stimulating the somatic sensory terminations 
of the posterior peripheral branch of Arnold’s nerve sent a stimulus 
to the ganglion of the trunk of the vagus, which, in turn, promoted a 
much desired but then much more poorly understood peristalsis.’° 


TEMPORAL BONE 


SLPERIOR THYROID ARTERY AND-~--------- 
VEIN TOGETHER WITH INTERNAL 

AND EXTERNAL BRANCH OF SUP 

LARYNGEAL NERVE LIGATEO EW MASSE 


Fig. 7—The vagopinna reflex. 


PARALYSIS OF THE SOFT PALATE 

Not infrequently patients who have had bilateral ligations of the 
superior thyroid vessels, with or without resections, complain for twenty- 
four to forty-eight hours of fluids coming through their nostrils from 
the pharynx during the act of swallowing. Normally this is prevented 
by the soft palate’s elevating muscles, the levator palati, which are 
supplied through the pharyngeal plexus by the accessory vagus nerve, 
which connects the plexus with the ganglion of the trunk of the vagus. 


in what manner or by what nerve paths the motor nerves supplying 


the levator palati muscles are interfered with following superior polar 


Poynter, W. M.: Personal communication to the author. 
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vessel ligations is not understood. The superior cervical sympathetic 
ganglion and the superior laryngeal nerve may be involved, or a direct 
injury to the pharyngeal plexus is possible. Since this paralysis lasts 
for a day or two only, a reflex pathway is indicated. 


The inferior constrictor muscle of the pharynx, one of an important 
group of muscles in swallowing and the principal elevator of the larynx, 
is innervated sometimes by the superior laryngeal nerve. If this muscle 
is involved, the cooperative muscular contractions of the constrictor may 


be absent during swallowing, resulting in a tardy or absent contraction 
of the elevating muscles of the soft palate, which may not of necessity 
be paralyzed. 

OPERATIVE PROCEDURES 

There has been no particular technic advocated or adopted for the 
liberation and resection of the superior pole of the goitrous thyroid. 
Kocher '! may have been the first surgeon to advise a consideration of 
the superior laryngeal nerve. In August, 1928, before a meeting of the 
state societies of Wyoming, Montana and Idaho, held in Yellowstone 
Park, I reported my experience with the superior laryngeal nerve, 
which had extended back over a period of eight years. I reported also 
a technic for exposing the superior pole and vessels which avoided the 
branches of the superior laryngeal nerve. 

In 1920, during an attempt to develop a new technic for bilateral 
resections of the goitrous thyroid and with a patient under local peri- 
pheral sensory nerve block, I exposed as a preliminary step both 
superior poles of a large goiter, which lay opposed to the thyrohyoid 
membrane. After placing a ligature around the upper end of one 
superior pole and its sheath, I noticed a moderate lowering of tone in 
the patient’s voice as she complained of referred pain in the lower 
molar teeth on the corresponding side as well as pain in the pinna of 
the external ear. When a second ligature was placed around the upper 
end of the other superior pole, the patient experienced only the thyro- 
mandibular reflex, but could not speak, owing to an aphonia of about 
90 per cent which lasted for four months. During this time, the pos- 
terior ends of each vocal cord failed to approach the midline due to 
an interarytenoid adductor paralysis, which in some instances persists 
for only four to six months. Since this experience, whenever a patient 
is under local anesthesia only, I have tested the voice and inquired about 
referred somatic pains as each polar set of vessels is ligated. These 
referred pains in the lower teeth have been noticed by other surgeons, 
but have not been dwelt on in the literature, to any extent at least. 
With the development of the technic to be described, the occurrence of 


11. Kocher, quoted by Nordland (footnote 7). 
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changes in the tone of voice and referred pains has markedly decreased. 
In advanced cases of toxic thyroidism, when a psychic block is desirable 
through the use of light gas analgesia, a voice and referred somatic pain 
test during resection of the superior pole cannot be made. Since a 
psychic block in addition to a local peripheral sensory nerve block is 


practiced by many of the most experienced surgeons in this field, a 


technic is desirable that will avoid the branches of the superior laryn- 
geal nerve, as well as the inferior, under any type of anesthesia. 
During an operation under local anesthesia or after the patient is 
allowed to awaken from a psychic block produced by gas, a higher pitch 
to the voice may be obtained by approximating the cricoid and thyroid 
cartilages with a towel clip (fig. 5). In one case of bilateral crico- 
thyroid paralysis, with a marked lowering of the singing voice, I wired 
the cricoid up beneath the lower border of the thyroid cartilage in an 
attempt to restore the patients voice to a higher tone (fig. 8). This 


see? cartilages 
Thyroid cartilage 


Released 
Normal vocal 
vocal 
cords 


| Paralyzed 
Cricoid ericothyr.m. 
cartilage 


- : " Silver wire 
Cricothyroid m. Dropped cricoid suture 
cartilage 
Fig. 8.—Lateral view of the thyroid and cricoid cartilages, including the vocal 
cords and cricothyroid muscles. In 2, note the relaxation of the vocal cords when 
the cricothyroid muscle is paralyzed by injury to the external branch of the 
superior laryngeal nerve. 


resulted in raising her voice to an undesirably high pitch which persisted 
for over six months. About one year after removal of the wire, the 
tone was lowered, but its previous clarity never completely returned. 
In singers a resection of a goitrous thyroid must be given due consider- 
ation relative to the superior as well as the inferior laryngeal nerve. 
There is a possibility of changing singing tones to a higher or lower 
pitch by elevating with a suture or depressing the cricoid cartilage 
through a paralysis of the cricothyroid muscles. Undoubtedly, many 
of the postoperative husky and lower voices result from injury to only 
the external branches of the superior laryngeal nerves. 


TECHNIC OF SUPERIOR POLE RESECTIONS 


(he modified Kocher flap is used, which I described in The Journal 
of the American Medical Association.* This gives the greatest mobil- 


Roeder, C. A.: Thyroidectomy, J. A. M. A. 79:2066 (Dec. 16) 1922. 
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ity of the ribbon muscles without a transverse section. When it js 
necessary to cross-section these muscles, the sternomastoid muscle js 
first liberated by Lahey’s method, and a modified Masten clamp (fig. 9) 
is then applied, which, after severing the muscles, gives ample exposure 
of the superior pole without the use of sharp pointed retractors or for- 
ceps. The superior thyroid vessels on the anterior surface of the 
superior poles are individually caught and ligated after the sheath has 
been split longitudinally (fig. 1). Each pole is then lifted from its 
bed in this sheath of pretracheal fascia, which leaves the superior laryn- 
geal branches of the vagus and all adjacent nerve trunks uninjured. 
When a posterior branch of the superior thyroid artery is present, it is 
ligated well away from the inferior laryngeal nerve as it approaches the 
inferior borders of the inferior pharyngeal constrictor muscle and the 














Fig. 9—Modified Masten clamp for cross-sectioning ribbon muscles. Note the 
loop into which a retractor is placed, preventing slipping and tearing of the muscles. 
In most instances transverse section of ribbon muscles is not necessary, when the 
flap is made according to a technic described in 1922 (Roeder, C. A.: Thyroid- 
ectomy, J. A. M. A. 79:2066 [Dec. 16] 1922). 


thyroid cartilage, a technic which may leave occasionally a portion of 
the posterior edge of the superior pole over the upper end of the inferior 
laryngeal nerve. Care is taken not to pull the pole too far downward 
and across the trachea in order to avoid stretching or sharply angulating 


the upper extralaryngeal end of the inferior laryngeal nerve (fig. 4). 
Whenever a patient who is under only segmental or local anesthesia 
complains of pain in the somatic distribution of Arnold’s nerve during 
ligation of the superior thyroid vessels, it is a positive warning that the 
superior laryngeal nerve is involved. When this reflex does not occur, 
however, it does not indicate that this nerve is not involved. From 
traction on the superior poles downward and across the trachea after 
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liberation from their sheaths, the patient’s voice may suddenly change 
or disappear. If traction has not been too severe, the voice returns 
immediately. This is an indication of trauma to the inferior laryngeal 
nerve where it lies attached to the posterior border of the superior pole, 
or to sharp angulation of the nerve around the inferior border of the 
inferior pharyngeal constrictor muscle (fig. 4). It must be kept in 
mind that one or both inferior laryngeal nerves may be injured by trac- 


tion on the superior poles, which may account for the unexplained cases 
of paralysis of the vocal cord following an operation that did not clamp 


or ligate the nerves. Traction downward on the superior pole before its 
sheath is liberated may injure the internal branch of the superior laryn- 
geal nerve, producing an adductor paralysis (fig. 1). 


CONCLUSIONS 
During the removal of the superior pole of a goitrous thyroid, the 
following significant complications may occur : 


(1) Injuries to the inferior and superior laryngeal branches of the vagus, 
producing : 
(a) Partial or complete loss of voice 
(b) Obstruction to inspiration 
(c) Aspiration of ingested fluids into the bronchi 
(d) Loss of sensation to the mucosa of the larynx 
(e) Referred pain to the lower portion of the pinna through the “vago- 
pinna reflex” 
(2) Referred pain to the mandibular teeth through the “thyromandibular reflex” 
(3) Paralysis of the soft palate 
(4) Referred somatic pain through any or all of the first four cervical spinal 
sensory nerves 
(5) Hemorrhage from the superior thyroid vessels 


(6) Injury to or removal of parathyroid glandules 








THE ROLE OF PERIOSTEUM IN THE HEALING OF 
FRACTURES 


AN EXPERIMENTAL STUDY * 


KEENE O. HALDEMAN, M.D. 


SAN FRANCISCO 


The role played by the various components of bone in the healing 
of fractures has been the subject of many researches since the work of 
Duhamel! in 1741. It is, of course, one of great practical importance 
as well as of theoretical interest. Because of the volume of the litera- 
ture and the variety of opinions held, a classification of the theories of 
bone repair is quoted from Bancroft,? who has summarized this subject 
as follows: 


1. The periosteal theory presupposes that the periosteum and endosteum are 
definite organs for bone formation and repair, and that the bone cells arise from 
them and from no other source. 

2. The osteoblastic theory may be divided into two subtitles. 

Type A. This assumes that in bone repair following injury bone cells are liber- 
ated from their lacunae and that they reproduce and form new bone. 

Type B. This assumes that following injury wandering connective tissue cells, 
fibroblasts, are drawn into the area of trauma. Owing to the stimulus of the 
repair, they are transformed into bone producing cells and then become specific cells. 

3. The extracellular deposition of calcium salts theory assumes that there is no 
definite bone producing cell; that following injury, possibly by positive chemotaxis, 
calcium salts in the proportions usually found in bone are deposited in the extra- 
cellular framework of connective tissue and that the connective tissue cell then 
becomes a bone cell by functional adaptation. 


A more comprehensive view of this whole problem may be obtained 
irom an inspection of figure 1. As can be seen, the controversy 
regarding the osteogenic property of periosteum is not a recent one. 
The first champion of periosteum as a _ bone-forming tissue was 
Duhamel.' He employed the method of feeding madder, which had 
been discovered five years before by Belchier.!| The bones of animals 
fed on this alizarin-containing plant became red, because of the elective 


* Submitted for publication, July 29, 1931. 

*From the Department of Orthopedic Surgery of the University of California 
Medical School. 

* Read before the Section on Industrial Medicine and Surgery, at the Sixtieth 
Annual Session of the California Medical Association, San Francisco, April 28, 
1931. 

1. Quoted by Keith: Brit. J. Surg. 5:685, 1918. 


2. Bancroft, F. W.: Bone Repair Following Injury and Infection, Arch. 
Surg. 5:646 (Nov.) 1922. 
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staining of the newly formed bone. Duhamel observed that the peri- 
i1 in the neighborhood of a fracture became greatly swollen, and 
was chiefly responsible for the formation of the repairing callus. 
Opposed to the theories of Duhamel was John Hunter,’ who was 
creatly influenced by the teachings of Haller. Haller and Hunter 
believed that the periosteum was merely a vascular covering that served 
for the nourishment of the bone. They were convinced that only the 
arteries had the ability to form bone. Hunter brought out the fact 
that two processes were at work together in the growth of bone, namely, 
deposition and absorption. 
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Fig. 1—Diagram to illustrate the theories of bone repair. 


To review all the experimental work that has been cited for or 
against the osteogenic function of periosteum would exceed the bounds 
ot the present paper. It may suffice to enumerate the workers who 
have advocated each of the theories of the formation of bone. Since 
Duhamel, the primary réle in this process has been assigned to the peri- 
osteum by Syme,* 1835; Flourens,* 1842; Ollier,t 1867; Axhausen,® 


Quoted by Keith: Brit. J. Surg. 6:19, 1918. 

Quoted by Keith (footnote 3, p. 160). 

Axhausen, G.: Die histologischen und klinischen Gesetze der freien Osteo- 
k auf Grund von Thierversuchen, Arch. f. klin. Chir. 88:23, 1909. 
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1909; Haas,® 1913; Mayer and Wehner,’ 1914; Phemister,’ 1914. 
Berg and Thalhimer,® 1918; Rohde,’® 1925; Blaisdell and Cowan” 
1926; Mock,'? 1928, and Ham,** 1930. 

Following Haller and Hunter in a denial of the osteogenic function 
of periosteum, Goodsir* in 1845 first advanced the theory that bone 
cells (‘‘corpuscles” ) had the power to form new bone. The next adyo- 
cate of the osteoblastic theory was Macewen.'* In 1912, he repeated 
many of the experiments of Ollier, obtaining different results, prob- 
ably to be explained on the assumption that Macewen included less 
tissue in his removal of periosteum. Whereas Ollier had obtained a 
growth of new bone from periosteal transplants, Macewen was unable 
to find newly formed bone in such grafts, and noted the growth of bone 
from the surface of the cortex that had been denuded of periosteum. 


Later supporters of the osteoblastic theory of bone repair include 
Brown and Brown,’ 1913; Davis and Hunnicutt,’® 1915; Gallie and 
Robertson,'? 1919; Keith,’* 1927, and Jaffe,*® 1929. The term “osteo- 
blastic theory” covers numerous rather divergent views of the growth 
of bone. Macewen believed that the bone cell of the cortex was the 


6. Haas, S. L.: Regeneration of Bone from Periosteum, Surg., Gynec. & Obst 
17: 164, 1913. 

7. Mayer, L., and Wehner, E.: An Experimental Study of Osteogenesis, Am 
J. Orthop. Surg. 12:213, 1914. 

8. Phemister, D. B.: The Fate of Transplanted Bone and Regenerative Power 
of Its Various Constituents, Surg., Gynec. & Obst. 19:303, 1914. 

9. Berg, A. A., and Thalhimer, W.: Regeneration of Bone, Ann. Surg. 67: 
331, 1918. 

10. Rohde, C.: Does Bone Form from Osteoblasts or from a Metaplasia of the 
Surrounding Connective Tissue? Surg., Gynec. & Obst. 41:740, 1925. 

11. Blaisdell, F. E., and Cowan, J. F.: Healing of Simple Fractures: An 
Experimental Study, Arch. Surg. 12:619 (March) 1926. 

12. Mock, H. E.: Periosteal Transplants in the Repair of Delayed Union, 
Ununited Fractures, and Loss of Bone Substance, Surg., Gynec. & Obst. 46:641, 
1928. 

13. Ham, A. W.: A Histological Study of the Early Phases of Bone Repair, 
J. Bone & Joint Surg. 12:827, 1930. 

14. Macewen, W.: The Growth of Bone, Glasgow, James Maclehose & Sons, 
1912. 

15. Brown, W. L., and Brown, C. P.: Preliminary Report on Experimental 
3one and Periosteal Transplantation, Surg., Gynec. & Obst. 17:681, 1913. 

16. Davis, J. S., and Hunnicutt, J. A.: The Osteogenic Power of Periosteum: 
With a Note on Bone Transplantation, Ann. Surg. 61:672, 1915. 

17. Gallie, W. E., and Robertson, D. E.: The Repair of Bone, Brit. J. Surg. 
7:211, 1919. 

18. Keith, A.: Concerning the Origin and Nature of Osteoblasts, Proc. Roy 
Soc. Med. (Sect. Surg.) 21:301, 1927. 

19. Jaffe, H. L.: The Structure of Bone: With Particular Reference to Its 
Fibrillar Nature and the Relation of Function to Internal Architecture, Arch. Surg. 
19:24 (July) 1929. 
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« agent in the deposition of calcium salts. Hey Groves *° pointed 

that osteoblasts develop most rapidly in the haversian canals of a 
hone graft. In discussing the formation of bone in laparotomy wounds, 
Keith held that osteoblasts develop from the buds of capillary endo- 
thelium which invade the scar tissue. 

[he theory of the extracellular deposition of calcium salts, as 
described, is favored by Bancroft. Murray *! has reported work that 
supports this theory. A recent book by Leriche and Policard ** is 
devoted chiefly to the support of the thesis that bone is formed by the 
impregnation with calcium salts of an edematous connective tissue. 
This connective tissue first reverts to an embryonic state and then 
undergoes what these authors term a preosseous infiltration. Leriche 
and Policard expressed the belief that the chief function of the peri- 
osteum is to limit bone growth, although they conceded that it is a 
connective tissue medium favorable for the development of bone. 
In regard to the osteoblasts, these authors regarded them as osteolytic 
elements that represent reactionary attempts of the connective tissue 
cells against the preosseous transformation. 

That the periosteum may hinder as well as assist the union of frac- 
tures had been pointed out by Cowan.** In a microscopic study of 
experimental fractures in dogs and kittens, this worker found that 
the ends of the fragments were sometimes prevented from fusing and 
reestablishing vascular communication by the ingrowth of dense 
avascular fibrous tissue from the periosteum. When a hole was drilled 
in the patella, it became plugged with fibrous tissue that apparently was 
continuous with the periosteum. 

From a clinical standpoint, the question as to the osteogenic 
function of the periosteum is of importance chiefly in the healing of 
hone following fractures, and in the behavior of bone grafts. If the 
periosteum forms bone, every effort should be made to conserve it near 


fractures and on bone grafts. To determine the value of periosteum 


in the vicinity of fractures, a series of experiments was done on eight 
rabbits and two dogs. 


METHODS 


In general, the method followed was the production of a fracture or defect in 
each of two comparable bones of the same animal, with a different treatment of 
the periosteum on the right and left sides. The two radii in rabbits or the two 
fibulae in dogs usually were attacked. X-ray pictures of the operative sites were 

20. Hey Groves, E. W.: Methods and Results of Transplantation of Bone in 
the Repair of Defects Caused by Injury or Disease, Brit. J. Surg. 5:185, 1917. 

“1. Murray, C. R.: The Repair of Fractures, Minnesota Med. 13:137, 1930. 

22. Leriche, R., and Policard, A.: The Normal and Pathological Physiology of 
bone, St. Louis, C. V. Mosby Company, 1928. 

23. Cowan, J. F.: | Non-Union of Fractures: An Experimental and Clinical 
Stu \nn. Surg. 88:749, 1928. 
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made immediately following the operation and at weekly intervals thereafter until 
union occurred or the fact of nonunion was established clearly. The animals were 


then killed, and microscopic studies were made of the sites of operation. Sodium 


amytal, given intraperitoneally in dosages of 0.000 Gm. per kilogram of body 
weight, provided the anesthesia in all operations. Sterile technic was used, and 
incisions were closed with black silk and covered with dry dressings. No splints 


were necessary as the intact ulna or tibia prevented undue movement of the frac- 
tured bone. In no case did infection of the wound occur. 

The experiments fall into four groups; the protocol of a typical experiment of 
each group is given. 

Group A.—Saw cut in each radius, stripping periosteum on the left. 

Rabbit 11 was a young adult weighing 2.3 Kg. The right radius was divided 
with a saw at the junction of its middle and distal thirds. The periosteum was 
incised transversely at the level of the saw cut, but was not otherwise disturbed. 
A similar saw fracture was produced near the middle of the left radius, and the 
periosteum was scraped from each fragment with a knife and periosteal elevator 
for a distance of 1 cm. on either side of the cut. X-ray pictures of both forelegs 
were taken immediately after the operation and at weekly intervals for six weeks 
The animal was killed forty-three days after the operation, and microscopic sec- 
tions of each radius were prepared. The results of all the experiments will be 
discussed together. 

Rabbit 15 was subjected to a similar operation and was killed fifty-eight days 
after the operation. Roentgen and microscopic studies were made. 

Group B.—Segment removed from each radius, stripping periosteum on the left. 

Rabbit 21 was a young adult weighing 2.5 Kg. A segment 0.5 cm. in length 
was removed with its periosteum from the middle third of each radius. The peri- 
osteum on the fragments of the right radius was not disturbed. Both fragments 
of the left radius were denuded of periosteum for a distance of 1 cm. from the 
operative defect. X-ray pictures were taken following the operation, at weekly 
intervals for six weeks and at eight weeks. The animal was killed fifty-eight days 
after the operation, and microscopic sections were made through the sites of opera- 
tion. Two other experiments of the same type were performed on rabbits 12 and 
14, the former being killed after one hundred and seventy-three days and the latter 
after sixty-five days. 

Group C.—Segment removed from cach radius, drawing the periosteum over the 
ends of the right radius. 

Rabbit 52 was a young adult weighing 2.5 Kg. The right radius was exposed; 
its periosteum was incised transversely at the middle of the shaft and was reflected 
back 0.5 cm. on either side of this point. A segment of radius, 0.3 cm. in length, 
was removed from the middle of this denuded area, after which the reflected flaps 
of periosteum were drawn back over the cut ends of the radius. A segment of 
equal length was removed with its periosteum from the middle third of the left 
radius. The periosteum was pushed back on each fragment of the left radius for 
a distance of 0.1 cm. from the defect, so as to prevent the periosteum falling over 
the ends of the radius. X-ray pictures were taken immediately after the operation 
and after fourteen, twenty-one and twenty-six days. The animal was killed after 
twenty-six days, and microscopic sections were made. Similar experiments wert 
done on rabbits 40 and 49, but in these animals the condition was allowed t 
progress further, namely, fifty-eight and sixty-eight days. 

Group D.—Segment removed from each fibula of a dog, drawing the periosteum 
over the ends of the right fibula. 
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(rabbit 11).—Series of postoperative roentgenograms. 


(rabbit 11).—Photomicrograph of left radius at the point of attachment 
riosteum. 
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Dog 41 was a large adult. The right fibula was exposed by a lateral incisio, 


splitting the fibers of the peroneus longus muscle. The periosteum was incised 
transversely at the junction of the middle and distal thirds of the fibula and was 
reflected to expose a segment of fibula 0.4 cm. in length, which was excised. Thy 
reflected flaps of periosteum were then drawn over the cut ends of the right fibula 
The left fibula was exposed, and a segment 0.4 cm. in length was removed at the 
junction of its middle and distal thirds. The periosteum on the fragments of the 
left fibula was pushed back 0.1 cm. from the cut surface. X-ray pictures of both 
fibulae were taken after the operation and at intervals of four, five, seven, nine 
and eleven weeks. The animal was killed seventy-nine days after the operation 
Gross examination showed a fibrous union of the left fibula, whereas no union had 
occurred in the right fibula. Microscopic sections were made. In another dog, 
no. 43, a similar experiment was performed, and the animal was killed after ninety- 
one days. 
RESULTS 

Group A.—In the two cases of this group, the right radius, with 
periosteum undisturbed, united in four weeks. The left radius, 
with periosteum stripped back from the saw cut, failed to unite across 


the outer cortex at the end of six weeks. The layer of cortex adja- 


cent to the ulna united, possibly because the two bones of the rabbit's 
foreleg are very close together, so that the periosteum of the ulna is 
necessarily irritated by any operation on the radius (fig. 2). Microscopic 
examination of the left radius confirmed the impression given by the 
x-ray pictures. No newly formed bone was seen on the surface oi 
the cortex until the point of attachment of the remaining periosteum 
was reached. Here subperiosteal callus could be seen (fig. 3). 


Group B.—In the three cases comprising this group, the gap in the 


right radius was completely closed in one, almost closed in another 
and about one-half closed in the third. Microscopic section showed 
an active production of subperiosteal callus in each of these cases. 
On the contrary, the left radius, from the ends of which the peri- 
osteum had been stripped, presented no attempt at callus production in 
any case, as observed by roentgen examinations (fig. +) and microscopic 
section (fig. 5). Each of the three cases gave the typical picture of 
nonunion with tapering ends of bone projecting into fibrous tissue. 

Group C.—In the three rabbits of this group the gap in the left radius 
was filled with new bone in four weeks. At the end of twenty-six 
days the fracture in the right radius showed by x-ray pictures (fig. 6) 
and microscopic examination (fig. 7) the typical picture of nonunion. 
In the two experiments lasting fifty-eight and sixty-five days there 
was a partial union of the fractures in the right radius because of the 
production of endosteal callus, but the external portions of the cortex 
failed to unite. 


Group D.—Two dogs were used. In dog 41, the x-ray pictures 
- > . - . ] 
(fig. 8) showed a tonguelike process of new bone growing upwart 


—. 2 “ See ae 
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4+ (rabbit 21).—Series of postoperative roentgenograms. 














5 (rabbit 21).—Photomicrographs of both radii. The section on the left 


the left radius; that on the right, from the right radius. 
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Fig. 6 (rabbit 52).—Series of postoperative roentgenograms. 








Fig. 7 (rabbit 52) —Photomicrographs of both radii. The section on the lett 
is from the left radius; that on the right, from the right radius. 
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Fig. 8 (dog 41).—Series of postoperative roentgenograms. 


g. 9 (dog 41).—Photomicrographs of both fibulae. The section on the left is 
the left fibula; that on the right, from the right fibula. 
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from the distal fragment of the left fibula, beginning after four 


and not quite bridging the gap at the end of eleven weeks. In ro 
scopic sections of the left fibula (fig. 9), new bone was seen projecting 


into the defect from both fragments but failing to close the gap. The 


right fibula presented a bulbous thickening of the end of each fragment, 
with no effort to close the defect. In microscopic sections, the absence 
of new bone extending into the gap was apparent. In the other case 
dog 43, the defects in both fibulae remained completely open, probably 
as a result of the interposition of muscle tissue. . 


These experiments demonstrate the two conditions necessary for 


the formation of periosteal callus: first, the presence of the cambium 
laver of the periosteum, and second, the separation of a part of the 
periosteum from the cortex, thus permitting the accumulation of blood 
between periosteum and cortex. The value of animal experimentation 
as compared with clinical observation hes in the normal control pos- 
sible in the experimental animal but not in the human subject. While 
different species vary somewhat as to the rate of healing of bone, the 
general principles obtained from a study of one species can be applied 
to the others. 
CONCLUSIONS 

1. Periosteum plays the chief role in the healing of fractures. 

2. Endosteal (medullary) callus aids in the healing of fractures, 
but in the absence of periosteum is often unable to complete the union 

3. The interposition of periosteum between the ends of a fractured 
bone may result in nonunion. 
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PHI \NATOMY OF THE GASSERIAN GANGLION 


ITS RELATION TO TIC DOULOUREUX * 


F. van NOUHUYS, M.D. 


LEIDEN, HOLLAND 


Before 1900 the surgical treatment for tic douloureux consisted of 
removal of the gasserian ganglion. Since that time a number of dif- 
ferent procedures have been advocated. Spiller (1898) was the first 
to propose division of the root posterior to the ganglion. Frazier 
performed this operation in 1901. Korteweg,' in 1899, was the first 
to divide the root. The patient operated on by Korteweg was relieved 
from pain for twelve years, when it reappeared over the distribution 
of the first branch. In 1919, Frazier divided only the sensory root, 
thus preserving the motor division. In 1927, Zaayer* used a more 
radical procedure. He preserved the motor root, but extirpated the 
ganglion. Frazier,* in 1915, performed a partial division of the sensory 
root, 

\s a result of phylogenetic and embryologic studies, Frazier came 
to the conclusion that the peripheral branches of the ganglion were 
represented in the mesial, central and lateral thirds of the sensory 
root, a definite topographical relation existing. In discussing the 
phylogeny, Frazier referred to van Valkenburg’s studies. Van Valken- 
burg * pointed out that in certain animals the fibers of the ophthalmic 
division are definitely separated from those of the maxillary-mandib- 
ular division. Frazier * observed in certain lower forms, reptiles and 
fishes, that the ophthalmic division has a separate ganglion. The 
embryologic studies made by Whitehead * showed that in the human 
embryo the ophthalmic part of the ganglion is separated from the 


principal part of it by a greater or less distance, and that the fibers 


Submitted for publication, July 30, 1931. 
From the Surgical Clinic of Professor Zaayer. 
1. Korteweg: Algemiene Beschouwingen over de heelkunlige behandeling 
ickten van het centrale en het zenuwstelsel, Geneesk. Bl. mit Klin. en Lab. 
de prakt., Haarlem 17:261, 1913-1914. 

2. Zaayer: Arch. f. klin. Chir. 152:76, 1928. 

5. Frazier, C. H.: Subtotal Section of the Sensory Root for Relief of Major 
minal Neuralgia, Arch. Neurol. & Psychiat. 13:378 (March) 1925. 

4. van Valkenburg: Folia neuro-biol., 1911, vol. 5. 
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‘'razier and Whitehead: The Morphology of the Ganglion Gasseri, Brain 
48:45 1925 
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of the sensory root run parallel and become arranged in separate bun- 
dles by the enveloping supporting tissue and do not tend to inter- 
mingle. He gave the following description of the ganglion in an 
embryo of twenty-eight weeks. The fibers of the sensory root emerge 
from the hilus of the ganglion as numerous small bundles. These 
bundles, as they pass upward toward the pons, run more or less 
parallel, with very little interchange of fibers. He described in older 
specimens the centripetal fibers as passing centrally in corresponding 
anatomic thirds of the sensory root. I have not had access to Frazier’s ' 
paper, but his opinions are clearly given in the following report: 
“Anatomisch verlaufen im Ganglion wie in der sensibelen Wurzel die 
Bahnen der drei Trigeminusaste vollig getrennt von einander und schon 


Figs. 1—Schematic form of the sensory root. In this and the following 
legends, I stands for ophthalmic nerve; II, maxillary nerve; II], mandibular 
nerve; g, ganglion semilunare ; a, mandibular part of the sensory root; b, maxillary 
part of the sensory root, and c, ophthalmic part of the sensory root. 


mit blossem Auge kann man in dem sensibelen Anteil des Ganglion- 
stammes die entsprechenden Strange zu den Unterabteilungen, resp. 
den drei Asten verlaufen sehen. [Anatomically, the channels of the 
three branches of the trigeminus take the same course in the ganglion 
and in the sensory root, namely, they are entirely separated from one 


another, and even with the naked eye one can see in the sensory por- 


tion of the ganglion trunk the course of the respective strands to the 


subdivisions or to the three branches.|" Nothing was found in 
Frazier’s article concerning the structure of the sensory root in adults. 


6. Frazier, quoted in Zentralbl. f. Chir. 32:16, 1925. 





van NOUHUYS—GASSERIAN GANGLION 


| have studied the structure of thirty-eight ganglions. These were 
removed from cadavers.‘ 
In none of the ganglions examined were there three anatomically 


separated parts in the sensory root that corresponded to the three 


terminal divisions of the fifth nerve. One sensory root, when viewed 


LT. Zr. 








pit 





Fig. 2.—Schematic form of the sensory root showing the interlacing bundles 
f fibers; g, ganglion semilunare, and 0, crossing bundles. 


3.—Interlacing bundles of fibers are shown here also; 0, crossing bundles, 
Sensory re ot. 


superficially, seemed to have three parts, but more careful examination 
h ed 


that no division corresponding to the three terminal branches 


ir the technic and more complete details the reader is referred to: Een 
naar de samenstelling van het Ganglion Gasseri in verband met de 


behandeling van de Trigeminus-neuralgie, Dissertation, Leiden, 1929. 
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In a sensory root constituted according to Frazier’s * idea, a | 
running, for example, in the medial third of the root would not 
at once to the lateral or central portion (figs. 2 and 3). This re 
was not found by me to be constant, for in eight instances the 
bundles crossed from one side of the root to the other. 

In hardly any of the sensory roots examined did the bundles ruy 
parallel, with very little interchange of fibers. On the contrary, ther: 
were, as a rule, many anastomosing and interlacing fibers (fig. 4). 


As a rule, the ramifications and anastomoses were most numerous 


at the hilus of the ganglion, where in some cases there was such ; 


network of fibers that one would be justified in speaking of it as ; 


Fig. 4.—Photograph of a sensory root showing anastomosing and interlacing 
fibers. 


plexus. This corresponds to Krause’s * description: “Sobald der Stamm 
des Trigeminus durch den Schlitz den Duralsack verlassen hat, ver 
breitet sich die sensibele Wurzel indem die ursprtinglich parallelen 
Faserbundel auseinenderweichen und sich durch zahlreiche Anasto 
mosen zu einem engwachsigen Geflechte dem Plexus triangularis ver 
stricken welches unmittelbar in das Ganglion gasseri tubergeht. 
soon as the trunk of the trigeminus, through the cleft, has left 
the dural sac, the sensory root becomes broader, in that the originally 
parallel fiber bundles become separated and interlace by numerous 
8. Frazier, C. A.: Operation for Radical Cure of Trigeminal Neuralgia 
Analysis of Fifty Cases, Ann. Surg. 88:534, 1928. 

9. Krause, F.: Die Neuralgie des Trigeminus nebstder Anatomie und Phys 
iologie des Nerven, Leipzig, F. C. W. Vogel, 1896. 





Fig. 5—Photograph showing interlacing of the pathways of the ophthalmic 
and maxillary divisions of the sensory root. The central bundle in the root 
received fibers from all the three parts of the ganglion. 


( 


.—Photograph of a sensory root showing plexus fibers without any reg- 
rangement. 
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anastomoses to a closely woven network, the plexus triangularis, 
immediately passes into the gaserian ganglion. |”’ 

Most of the ramifications and anastomoses were found in the media] 
half of the sensory root. The pathways of the ophthalmic and maxillar 
divisions interlace a great deal (fig. 5). 


In most cases some fiber bundles emerged from the maxillary-man- 


dibular portion of the ganglion to join the motor root (fig. 7). 
[ have also attempted to learn something about the formation o{ 


the ganglion itself. Serial sections of the ganglion were made. Ther 


Fig. 7.—Photograph showing fibers bundles emerging from the maxillary 
mandibular portion of the ganglion to join the motor root; g, ganglion; a, motor 
root, and v, two slight fiber bundles joining the motor root. 


was no indication that the cell groups represented separate units, 01 
that the interstitial tissue separated definite nerve bundles. 
Comparing my findings with those of Frazier, | am unable to agree 
with his conclusions. Frazier’s conclusions are based on the ganglion 
of the fetus and not on the fully developed ganglion of the adult. It 
is also certain that in the sensory root of the adult the fibers have n 
definite parallel arrangement. Certain schematic drawings that havé 
been shown in different articles would indicate that this is the casé 
The structure of the sensory nerve varies between two extremes 
In one extreme, the bundles may have a parallel course, maintaining 
the same relation with other bundles throughout the length of the root. 
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ystrated in figure 1, a schematic form given by Frazier, which | 
not found. At the other extreme is an arrangement in which 
there are no bundles running parallel, but only plexus fibers without 
ny regular arrangement (fig. 6). Between these two extremes many 
variations may be found. Sensory roots may be found with interlacing 
bundles of fibers (figs. 2 and 3) and with bundles running practically 
yarallel, but anastomosing frequently and in large numbers. 
. Dandy,'® as the result of clinical observations, has come to the same 
conclusions. In twenty-three cases of tic douloureux in which total 
section of the sensory root had been made near the pons, he found 
that only four showed total anesthesia of the skin area supplied by 
the nerve. In the remaining ninteen more or less sensation was pre- 
served, but there were marked variations in the amount. In three 
cases all forms of sensations were preserved over the distribution of 
all branches to about the same degree. The pain of the tic had, how- 
ever, never reappeared. Dandy, furthermore, stated that after partial 
section of the root there is not any relation between the part of the 
sensory root divided and the sensory alterations that follow. The fol- 
lowing case was cited by Dandy: The operation of partial section of 
the sensory root was performed near the pons for pain over the dis- 
tribution of the supra-orbital nerve. After the operation the sensa- 
tions of heat and cold were slightly diminished over the distribution 
of the three branches. The sensations of touch were quite normal. 
Dandy’s conclusions were as follows: “Observations, such as described, 
deny the hypothesis that the peripheral branches are accurately repre- 
sented by subdivisions of the sensory root.” 

Dandy cut the root near the pons, so, with the results cited, the 
only conclusion that can be arrived at is that the fibers change their 
position in the distance between the ganglion and the point at which 
the section is made. Further research will solve the problem. 


CONCLUSIONS 

1. The sensory root of the fifth nerve is not composed of three 
parts that correspond to the three peripheral branches from the gas- 
serian ganglion. 

2. The operation of partial section of the sensory root, assuming 
that the pain is carried by bundles having a definite location, is not 
.. . - - 
based on anatomic facts, and therefore cannot be regarded as an 


absolutely reliable procedure. 


10. Dandy, W. E.: An Operation for the Cure of Tic Douloureux; Partial 
Section of Sensory Roots at Pons, Arch. Surg. 18:687 (Feb.) 1929. 





THE BREAKING STRENGTH OF HEALING 
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It is our purpose in this paper to consider the healing strength of 
the fractured fibulae of rats on a standard diet. In a preliminary report 
on this subject, two of us (Dr. Lindsay and Dr. Howes)! presented ai 
original method for the determination of the healing strength of fibular 
calluses in rats from the inception of the fracture to the restitution 
of normal strength in the healing bone. The findings obtained at that 
time were in several instances later found to be either inadequate or 
inconclusive. However, on the basis afforded by this first contribution, 
the work has been carefully repeated with the result that a much better 
comprehension of the problem has been made possible. In some 
instances, important changes were made in technic, while in all cases 
the factors concerned have been clarified to a greater extent than existed 
before. 

PROCEDURE 

We found early that the age and weight range of the rats used in the pre- 
liminary work gave too great a disparity in our results; consequently, males 
from known stock, aged 4 to 8 months, and weighing between 190 and 300 Gm., 
were eventually chosen for experimentation. As noted in the first paper, the 
fibula of the rat proved ideal for our purpose for it was firmly splinted by the 
tibia (fig. 1). As was described previously, the fibula was fractured under asepti 
conditions at a point opposite the most prominent point of the crest of the tibia 
which we have designated as the “tibial prominence,” and the healing strengtl 
observed from the sixth to the forty-fifth days postoperatively, at the expiration of 
which time the fracture was found to be firmly healed. In the case of the animals 
with fracture, the breaking strength only of the bone was determined. The diet 


* Submitted for publication, July 11, 1931. 


* From the Department of Surgery, Yale University School of Medicine. 

* The expenses of this investigation were defrayed by Davis and Geck, Inc. 

1. Howes, Edward L., and Lindsay, Merrill K.: The Breaking Strengtl! 
Healing Fractures, J. Bone & Joint Surg. 13:491 (July) 1931. 
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e same as in the preliminary experiment, and in a similar manner relatively 
lete metabolic data were kept on all animals. 
\fter being on the standard Moise and Smith? diet for one week, the animals 
divided into three groups. The first group of fifty rats was free from fracture. 
he end of the one week on the diet, they were killed, and the breaking strength 
left and right fibulae was determined. This group was designated the 
al normals, and the breaking strength of their fibulae is considered to be the 
mal breaking strength of unfractured fibulae of rats within similar age, weight 
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lig. 1—Fibula and tibia of the rat. Splinting of the fractured fibula is 
innecessary as the tibia holds the fragments in good position. 


ind dietary limitations. Throughout all the experiments to be undertaken it is 
hoped that the findings cbhtained on these animals will serve as a basis on which to 
ompare any other given result. 

(he second group, known in this paper as the standard controls, resembled the 
ormal normals in that they were free from fracture, but differed in that they were 

tinued on the diet for a greater length of time. These animals were used to 
letermine the effect of the diet on the strength of normal bone. A division of the 

2. Moise, T. S., and Smith, A. H.: Diet and Tissue Growth: I. The Regen- 
tion of Liver Tissue on Various Adequate Diets, J. Exper. Med. 40:13, 1924. 
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standard controls into lots of four was made at the time they were placed o1 
diet. Beginning on the thirteenth dietary day, and continuing at intervals of + 
days thereafter to the fifty-second day, one lot was killed for each interval 
will be noted, seven rats with fractured fibulae were killed simultaneously with 


four of the standard controls without fracture. Consequently, it was felt advisahk 


to adopt the postoperative intervals for both the animals with and without frac- 
ture. These intervals began on the sixth postoperative day and continued every 
third day thereafter to the forty-fifth day. In other words, there were fourteen 
postoperative intervals or time periods in which breaking strength determinations 
were made on four standard controls, as well as on the seven standard animals 
with fracture to be described. 

The third and final group was known as the standard animals with fracture 
This group consisted of lots of seven rats, each of which had been on the diet for 
one week. At the expiration of that time, the right fibula of every animal was 
fractured in the manner described in the first paper, and a lot of seven animals was 


Taste 1—Daily Drying Weights in Grams of Six Pair of Leg Bones of 
Normal Rats 


Pair A Pair B Pair C Pair D -air E Pair F 
First day (origina! weight) 1.580 1.365 1.365 1.650 5s 1.270 
Second day te 0.845 0.865 0.825 0.990 935 0.730 
Third day pewemenns 0.840 0.845 0.819 0.988 B! 0.726 
Fourth day... ; 0.828 0.843 0.817 0.984 A 0.715 
|, 0.822 0.840 0.815 0.980 9 0.709 
Sixth day..... 0.818 0.838 0.809 0.977 8 0.704 
Seventh day... 0.817 0.834 0.802 0.975 .906 0.701 
Eighth day.... ere 0.814 0.830 0.800 0.974 of 0.700 
Ninth day ‘ 0.813 0.828 0.798 0.974 908 0.702 
Tenth day 0.813 0.827 0.798 0.972 ef 0.702 
Eleventh day... 0.814 0.827 0.797 0.974 § 0.702 
Twelfth day.... 0.814 0.828 0.799 0.974 905 0.708 


assigned to each of the fourteen periods from the sixth to the forty-fifth postopera- 
tive days. Thus four standard controls controlled seven standard animals with 
fracture for each of the fourteen periods observed. 

On the sixth postoperative day, and at intervals of three days thereafter, the 
seven standard animals with fracture and the four standard control animals for 
each period were killed. Measurements of body length, tail length and total length 
were taken and filed in our laboratory records. Whenever gross pathologic process 
other than that associated with the fracture was found, the animal was discarded 
and replaced by another. The fibula and tibia were next prepared as previously 
described ! and appeared as in figure 1 when cleaned. It was decided that hereafter 
a complete histologic examination would be made on all fractures, and this will be 
reported at a later date. Due to this decision, five pairs of leg bones of the standard 
rats with fracture were placed in the desiccator over fresh anhydrous calcium 
chloride, while two pairs were preserved in a diluted solution of formaldehyde, 
U. S. P. (1:10) for histologic examination. All fifty of the unfractured normal 
normal bones were made ready for drying in a manner similar to the foregoing, but 
none were preserved for histologic study. We became interested in determining 
the optimum drying time for all these bones as we desired a dry bone and not one 
wet or “green” which would bend before breaking. We found that drying for 
seven to ten days removed practically all the moisture from the bones and proved 
sufficient for our purpose (table 1). 
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roentgenogram of one representative fracture from each seven in the partic- 

nterval in question was taken, following which the fibular length of every 

was measured and recorded. After drying and measuring the fibulae, the 
breaking strength was determined on the fibulae of the fifty normal normals, the 
tandard controls and the standard groups with fracture by the technic described 
in the first paper. In each instance, the strength of both right and left fibulae was 
noted. The observations were recorded and when indicated were rechecked on 
additional animals. 

Phe correlations noted in the preliminary report on animal weight, fibular length 
ind breaking strength were gone into in detail. On the basis of these correlations, 
a formula that we believe to be of considerable value was evolved.* By its use 
the disparity in the breaking strength results produced by the variance in weight of 
the animals selected was considerably reduced. This formula we found of value, 
not only in interpreting the breaking strength of the normal normals, but of both 
other groups as well. 

Gross photographic studies presenting a picture of the developing callus as seen 
end on following the breaking of the callus in the beam testing machine were made, 
and though of some value, did nothing to add to our knowledge. Consequently, they 
were discarded. Likewise, an attempt to measure the callus of each fracture was 
discontinued because it did little more than agree with the impression one gained 
much more comprehensively from the roentgenographic studies. The animal 
weights and the food intake were again observed, and at this point the notation 
made in the preliminary paper is worth reiterating ; namely, that we have constantly 
realized that our animals were not in a state of dietary equilibrium after being on 
the standard diet for but one week. However, our purpose remains to approximate 
clinical conditions as closely as possible with the material available. 


RESULTS 
\ consideration of the experimental findings is divisible into three 
phases, 1. e., those of the normal normal series, of the standard control 
lot and of the standard groups with fracture. 


[. The Normal Normal.—Owing to the range in the weight of the 
animals of from 190 to 300 Gm., as well as to the differences in age, and 
other factors, it soon became evident that though we had limited the 
variables to a greater extent than in the preliminary report, we must 
develop some common basis on which a more thorough interpretation 
of the results could be made. This was eventually accomplished through 
correlations between animal weight, fibular length and breaking strength. 

\. Correlation of Fibular Length to Breaking Strength: When all 
animals with fibulae of the same length were placed in groups, and the 
respective breaking strength of each fibula in each group added, and 
the arithmetical mean for the group, as well as the combined arith- 
metical mean for the left and right fibulae in each group determined, 
t was observed that there was a steady increasing progression in the 
breaking strength concomitantly with increasing fibular length. This 
is clearly seen in table 2. 


3. William R. Thompson of the department of pathology aided in developing 
formula. 
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On the basis of this it became evident at once that the greate: 
fibular length, the greater the breaking strength, and from this 
plotted the curve seen in figure 2. 

B. Correlation of Fibular Length to Animal Weight: Using the 
same fibular length groups as in the first correlation, we placed under 
each group the respective weight of the animal concerned. The results 
are shown in table 3. 

From this we note that the longer the fibulae, the heavier the animals. 
This has been plotted in figure 3. 

C. Correlation of Breaking Strength to Animal Weight: It would 


seem that if length and strength, and length and weight were positively 


correlated, a similar positive correlation should exist between the 


TABLE 2.—Correlation Between Fibular Length and Fibular Strength * 


Fibular Length 
2 Cm. 2.1 Cm. a 2.2 Cm. 2.3 Cm 
“Left Right “Left Right “Left. Right “Left. Right 
\rithmetie mean of breaking strength... 411 35 441 459 460 $54 533 105 
Combined mean for left and right fibula 3s4 $50 457 09 


Refer to table 2a for complete data. 


TABLE 3.—Correlation Between Fibular Length and Animal Weight ’ 


Fibular Length 


2.1 Cm. 2.2 Cm. 


\rithmetic mean of animal weight 230 251 


Refer to table 3a for complete data. 


strength and weight. However, this proved by far the most difficult 
of the three to demonstrate, but was indicated in an arbitrary division 
of the animals into four groups according to weight, 1. e., from 190 to 
225 Gm., 226 to 250 Gm., 251 to 275 Gm. and 276 to 300 Gm. In each 
respective group, the arithmetic mean of the breaking strength for all 
animals in the group was determined, and a progression found. The 
results of this are seen in table 4. 

The plotted means seen in figure + show a steady increase in the 
breaking strength from the first to the last weight group. Similar cor- 
relations were found to exist when a different weight grouping was 
used, but in the majority of instances they did not show such clearcut 
results as the one used. 

Our results then demonstrated that a correlation existed in each 
instance between the fibular length, the fibular breaking strength and 
the animal weight for the fifty animals observed. We have noted 
earlier that it was our purpose to reduce the breaking strength on 
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Fig. 2—Correlation between breaking strength and the length of the right and 
left fibulae with the combined mean of their breaking strength for normal normal 
rats. The correlation shows that the longer the fibula is, the greater its strength. 
The curve of the mean between 2.0 and 2.1 cm. should lie between the curves of the 


right and left. 
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Mig. 3—Correlation between the weight of the animal and the length of the 


a (where the length of the right equals the length of the left). The results 
ate that the heavier the rat, the longer its fibula. 
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animals used in our experiments to a more common basis, and particu- 
larly to adjust the weights in such a manner that the increase in breaking 
strength concomitant with an increase in weight would present less dis- 
parity when the breaking strength was plotted for each of the periodic 
observations made both in the normal normal group without fracture 
and in all other rats to be noted subsequently. In other words, our 
animals ranged from 190 to 300 Gm. in weight, and we had found that 
the heavier the animal, the stronger the fibula, but we wished to reduce 
all values by some formula, no matter what the weight, to a point where 
the great disparity in the breaking strength found on the weight range 
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Fig. 4—Correlation between the weight groups and mean of breaking strength 
of the right and left fibulae of normal normal rats, as well as correlation between 
the combined breaking strength means and the weight groups. It is seen that the 
more the animal weighs, the stronger is its fibulae. 


TaBLe 4.—Correlation Between Weight and Breaking Strength * 


Weight Groups 


190-225 Gm. 296-250 Gm. 251-275 Gm. 276-300 Gm 


Left Right Left Right Left Right Left Right 


\rithmetiec mean of breaking strength 109 394 4) 410 550 4146 505 
Combined mean 101 15 498 DO4 


Refer to table 4a for complete data. 


from 190 to 300 Gm. would be reduced, and all animals might be con- 
sidered as though they were of essentially the same weight. 

To develop such a formula, we reasoned as follows: It was observed 
in fifty determinations that the force required to break the fibulae of th 
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was positively correlated with the animal weight. Undoubtedly 
this was not the only source of variation, but in order partially to reduce 
this fluctuation, it was desired to introduce some factor J by which to 
divide the observed values of F, where F is the force or breaking 
strength, and J is some function of W, the animal weight, i. e., the 
normal weight before subjection to fracture and after seven days on 
diet. As a first approach to a satisfactory solution in this matter, we 
might consider that all animals used were similar in form (linear 


TABLE 5.—W*® for W’ from 190 to 300, Inclusive * 


(10.w)?.% ; (10.w)? 3 W (10.w)?/8 
.- 158.4 ee TG icine anaes 184.2 

. 154.0 Si eacal ose aac 

..154.5 e 170.2 

155.0 Bivacscevaxene 
..155.6 4. i 171. 
156.1 5. 171. 
156.6 p e060 cook 
157.5 172 
157. 


.158.2 


~~ 
-J -] 
wo 


158.8 
..159.3 
.. 159.8 


.. 160.3 


_ 
~! 


— 
~T 
or 


9 
7 
9 
7 
9 
7 
9 
od 
2 


* The result of the division of F by (110.w)?/* was arbitrarily multiplied by 106 in 
order to reduce the number of decimals, and to facilitate the charting of the results. 


dimensions proportional); that breaking strength of the bone was 
proportional to cross-sectional area at the breaking surface, and that 
breaking occurs in a similar manner in all instances. If so, then if A 
is the ratio of a given linear measurement of a given animal to the 
verage or any other arbitrary standard value of this measurement, then 
the similar ratio (magnitude factor) for the area mentioned would be A ? 
d for W the corresponding factor would be A.* Now, if we take J 
tional to A? we have a solution. Accordingly,* we took 
The choice of the value T = (10.W)** may seem strange, but it was employed 
ncide with results of preliminary calculations where ] = W* was taken with 
decigrams. 
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J = (10.W)* or the real cube root of the square of (10.W). he 
‘ 


(i0.w)e 


formula would then be =k (ratio). To facilitate the deter- 
mination of (10.W)*, we have prepared table 5 for W from 190 to 300 
Gm. inclusive (table 5). 

With the aid of this formula, we corrected all our breaking strength 
determinations on the normal normal rats as may be seen in table 6, 


PABLE 6.—Gana= R (Fifty Normal Normal Rats) 


Weight F F 

Ww (10.w)? 4 Left Right 

\rithmetie mean .. a Pa 243 li7 458 440 
Standard deviation mean.......... et ave 20 19 


Refer to table 6a for complete data. 
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Fig. 5.—The breaking strength ratios of the normal normals and the standard 














groups with fractures. The straight band represents the normal normals. The 
mean of the left fibula is 9 greater than that of the right (L. Mean and R. Mean) 
The standard deviations of the mean depreciate this difference somewhat (L. S 
D. M. and R. S. D. M.). The band indicates the ratios of fifty normal rats and 
affords a basis with which to compare ratios obtained on the different diets to be 
used. The primary callus has formed in the fractured right fibula by the fifteenth 
day. The medullary cavity develops by the twenty-first day. Thereafter strength 
is restored by cortical thickening and callus reorganization. Healing is theo- 
retically complete by the forty-fifth day. The unfractured left fibula rises and falls 
simultaneously with the right. This may indicate a generalized skeletal respons 
to the fracture. 


When the ratios were plotted, we found a broad band passing across 
the chart with the left fibula stronger by a ratio of 9 than the right. 
However, if the standard deviations for the left and right are determined, 
it is observed that there is considerable overlapping of the two and that 


the difference is not significant (fig. 5). 
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© normal normal band, composing as it does the breaking strength 
ratio of the fifty normal animals, is considered throughout our work 
as representing the values on normal animals within the weight group 
used. In the case of healing fractured right fibulae, both of animals in 
the standard series with fracture and possibly of those on all diets, heal- 
ing may be considered to be complete when the strength of the fracture 
falls within or above this band, but our work is not yet sufficiently 
adyanced with other diets for us to be certain of this. In a similar 
manner, plotted variations in the strength of the unfractured left fibulae 
in the standard groups with fracture can be seen clearly by use of the 
band, and our reason for assuming that the unfractured left fibulae in 
the animals with fracture cannot be used to control the fractured right 
fibulae will become apparent when we note later the marked fluctuations 
to one side or the other of the band that the unfractured left fibular 
ratio of the standard group with fracture presents. 

Il. Standard Control Group.—tThe results obtained on this group of 
animals are of particular interest for two reasons. For one thing, the 
breaking strength ratio of the standard controls compared both with 
the ratios of the normal normals and of the standard group with fracture 
proved quite interesting. For another thing, the difference in the 
metabolic reaction of the standard control rats to that of the standard 
group with fracture was very clearcut. Correlations between animal 
weight, fibular length and fibular strength on the standard control 
animals were also made in a similar fashion to those drawn on the 
normal normals. 

\. Breaking Strength: The ratios for the left and right fibula, 
respectively, lie, as we found in the normal normals, in close proximity. 
When they are considered together it is noted that they fall from around 
330 on the sixth day period to a low point on the eighteenth day of 
approximately 175. This is followed by an abrupt rise to about 285 
on the twenty-fourth day which is the highest ratio reached throughout. 
\ fall to 150 occurs by the thirty-third day, and a rise with a slight fall 
thereafter follows on the forty-second and forty-fifth days, respectively. 
In table 7 the respective ratios with their standard deviations are 
recorded, while in figure 6 the ratios have been plotted. 


When we compare the ratios of the breaking strength ratios of the 


right and left fibulae of the standard control group in figure 6 with those 


the normal normals, as is plotted in figure 5, we observe that the 
control ratios fluctuate widely on either side of the normal normal means. 
Consequently, we believe that it is a justifiable assumption to state that 
the strength of the standard controls throughout showed a progressive 
loss in strength directly proportional, within limitations, to the length 
ime on diet. At a later point a comparison between the control and 
racture ratios will be made. 
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B. Correlations: In a similar manner to that observed on the normal 
normals, correlations between animal weight, fibular strength and 
fibular length were made for the standard controls. It was found that 
such correlations could readily be made, and that though the means 


differed, the progress of the curve was essentially the same. 


TaBLe 7.—Breaking Strength Ratio of Right and Left Fibulae of Standard Cont 
Group * 


Postoperative Days Standard Deviation Mean Standard Deviation Mea 
R for Left With R for Right With 

33% 11 319 

20 241 

39 244 

186 

169 


255 16 
23 
186 
175 
216 
285 
270 
207 
151 
188 
213 

Gas 222 


45 218 


It 1+ tt 1 EE I HE It 
+ + Lt 1 H+ 1 1 Ht HF + 14 IF 


Refer to table 7a for complete data. 
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Fig. 6.—The breaking strength ratios of the standard controls without fracture: 
compared with that of the normal normals. The relatively close agreement betwee 
the ratios of the standard right and left fibulae is seen. The somewhat irregula! 
but progressive loss of strength proportional to the time the animals are on diet 1s 
clearly brought out. This furnished the first lead that the normal bone strengt 
is strongly influenced by the diet and body weight. 





[cKEOWN ET AL—DIET IN HEALING OF FRACTURES 469 


[he weight and length were correlated as they had been in the normal 
normals with the results seen in table 9. 

Under the normal normals, we arbitrarily divided the animals into 
croups according to weight. A similar division was made here, but it 
was found that a less striking correlation existed. This might be 
attributed to the small number and otherwise unsatisfactory character 
of animals selected in the division from 251 to 275 Gm. When this 
was corrected, as it was when the high fat and high carbohydrate diets 


TaBLe 8.—Correlation Between Fibular Length and Strength * 


2 Cm. 2.1 Cm. 2.2 Cm. 2.3 Cm. 
EEE A A A 


— a a _ 
Left Right Left Right Left Right Left Right 

\rithmetic mean of strength 3 298 317 299 400 888 536 576 

Combined mean ... p tea 303 308 394 520 


Refer to table Sa for complete data. 


TABLE 9.—Correlation Between Fibular Length and Animal VW eight * 


2Cm. 2.1 Cm. 2.2 Cm. 


\rithmetie mean of weight 2238 233 


Refer to table 9a for complete data. 


TABLE 10.—Correlation Between Animal Weight and Fibular Strength. * 


190-225 Gm. 226-250Gm. 251-275 Gm. 276-200 Gm. 
een Oo een oD ee an, 
Left Right Left Right Left Right Left Right 
\rithmetiec mean of strength . 303 289 373 373 593 566 528 504 
Combined mean . : al knee 296 373 580 516 


Refer to table 10a for complete data. 


were used (to be reported later), it was found that a stronger correlation 
between animal weights and fibular strengths could be drawn for the 
control rats as well as for the normal normals. 

C. Data on Food Intake and Weight of Rats: The results of the 
metabolic studies are not sufficiently detailed to afford conclusive 
observations, but their relative value has proved quite worth while for 
our understanding of the problem of the healing of fracture on the 
various diets undertaken. 

In the case of the standard control animals our data have been 
compiled with two ends in view. The first was to determine what 
percentage difference in weight took place in the rats from the sixth 
ay on the diet until they were killed which was determined by estimat 
ng the gains and losses in weight on the day of killing as percentage 


] 


body weight on the sixth day. The second end sought was to deter- 
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mine the food consumed per day in terms of percentage of body wei 
from the time of operation until the rats were killed. 

When these two values were determined, it was noted that from the 
sixth day on there was a steady though somewhat irregular loss in the 
weight of the rats, as well as a slight but progressive diminution in their 


food intake. These observations have been recorded in table 11. 


When the percentages are plotted, we note that the picture of stead) 


loss of weight and decreased food consumption is brought more clear] 
to our attention. In figures 7 and 8 we have charted the percentage 
along with those for the standard group with fractures with which the, 
will later be compared. 


TApBLe 11.—Data on Food and Weight * 


Difference in Weight Food Consumed per Day 
From Operation to From Operation to 
Time of Killing as Time of Killing as 

per Cent of Weight per Cent of Weight 

on Sixth Day 


Refer to table lla for complete data. 


ILI. Standard Fractured Group.—These animals probably constitute 
the most important series of this problem. The results obtained are 
divided for purposes of greater clarity into several subheadings. 

A. Gross Examination of the Fracture: The gross appearance ot 
healing fractures has been repeatedly studied by other workers. How 
ever, we have observed selected fractures under the dissecting micro 
scope from the sixth to the forty-fifth day in this group of rats. An 
irregular translucent and somewhat gelatinous appearing tissue was at 
first seen about the site of the fracture. This possessed a spindle shape 
and was of greater diameter about its mesial portion and fused into the 
shaft peripherally. By the fifteenth day the previously soft structur 
had become firra, granular and opaque. From the fifteenth day on ther 
was a gradual transformation of the callus into a smooth, regular and 
firm structure. 

When the callus was examined end on after being subjected to and 


broken in the beam test, a much better picture of the healing process was 
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Fie. 7—Curve showing the difference in weight from operation until the animal 
was killed (plotted as per cent of body weight at operation). The early stimulat- 
ing effect of the injury is observed in the rats with fractures. After the formation 
of the primary callus on the fifteenth day, the weights of the lot with fractures 
fluctuated widely, but with a constant tendency to increase. The controls lost 
weight from start to finish. Simultaneously with falling weight, we have already 
seen in figure 6 that the fibular strength diminished. 
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ig. 8—The food consumed per day (represented by curve plotted as per cent 
ody weight at operation) from operation until the animal was killed, for both 
animals with fracture and the control series, varied considerably. This was 
ticularly true of the rats with fracture. However, as food intake fluctuated, 


body weight and fibular strength simultaneously increased or decreased. 
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observed. By the fifteenth day it was seen to have become entirely 
impregnated with salts throughout its cross-sectional area. Thereafter 
there grew into this solid mass of salts countless fine blood vessels 
which by the thirty-third day had almost entirely fused medially to 
form the medullary cavity. The cortex simultaneously thickened slowly, 
and the diameter of the callus diminished, until by the forty-fifth day 
the process appeared complete. 


B. Diameter of the Callus: Representative calluses were measured 
for each observed period. The measurements, though incomplete, sub- 
stantiated the opinion given by the gross examination that the diameter 


| 


27. o6.°° 39. 42. - 45. 


Fig. 9—Roentgenograms of typical fractures at intervals of three days from the 
sixth to the forty-fifth postoperative days. The primary callus was formed by the 
fifteenth day. The medullary cavity is well developed on the twenty-first day 
Thereafter the cortex thickened and the callus reorganized. The strength of the 
callus after the fifteenth day was found to bear only slight relation to the degree 


- 


of density observed in the roentgen studies. Magnification, « 3.5. 


increased to the fifteenth day and diminished thereafter. The diameter 
throughout did not, however, at any time become reduced to that of the 
diaphysis. 

C. Roentgenographic Examination: It was observed from. the 
roentgenographic studies for each period that the apposition of the frac- 
ture was good and angulation reduced to a minimum. From this we 
believe our policy of not splinting the fracture is vindicated. 
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From the sixth to the fifteenth day, inclusive, a progressive enlarge- 
ment in the diameter of the callus was seen in the x-ray films. A 
<jmilar increase in density took place with a noticeable irregularity in 
the salt depositions. The fractured fibular ends were seen to be under- 
soing decalcification simultaneously with increasing density of the 
callus (fig. 9). 

Between the fifteenth and thirty-third days, irregularities in opacity 
are noted in the roentgenograms as the processes of modeling, cavita- 
tion, and formation of the medullary cavity occur. Following this, and in 
fact occurring simultaneously, cortical thickening and reshaping of the 


Taste 12.—Breaking Strength Ratio of Fractured Right and Unfractured Left 
Fibulae * 


Ratio 
A. 





Fractured Right Unfractured Left 
8 264 
21 262 
22 274 
13 326 
26 228 
19 172 
18 245 
31 243 
207 

14 220 
9 274 
19 294 
17 217 


23 269 


33 
124 
153 
208 
156 
128 
149 
168 
167 
157 
179 
202 


32 
24 
20 
29 
19 
21 
32 
50 
16 
17 


18 


31 


EE HEE EE EEE 
It He He HEE EE Ht 


258 


Refer to table 12a for complete data. 


previously roughened, irregular callus takes place, until on the forty- 
ith day a healed fibula of comparatively uniform density has developed. 
D. The Breaking Strength: The breaking strength was observed 
on both the fractured right and the unfractured left fibulae, and, as the 
results obtained differ decidedly in each, they are considered separately. 
1. Fractured right fibula: 
\ll breaking strength results were expressed in terms of the ratio 
or R, and are so described. 


There was a sharp rise in R from the sixth to the fifteenth day 
coincidentally with increasing salt precipitation as indicated both on 
gross and roentgenographic examination. R on the fifteenth day was 


208 13 which, as may be seen on table 12, was the highest point 


reached in the stage of primary callus formation (table 12). 
Subsequent to the fifteenth day, an abrupt fall during the eighteenth 
| twenty-first day occurred, reaching a low point of 128 + 19. This 

place simultaneously with the development of the medullary cavity, 
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as was noted in the gross examination. Apparently there can ly 
doubt that the inbudding blood vessels, forming the medullary 
by their fusion, weaken the callus. 

From the twenty-fourth day, the breaking strength steadily ros 
with slight variations from time to time. This we would expect bot! 
from the roentgenograms and the gross examination, for we have 
previously found that as the medullary cavity developed, the cortex 
thickened and the callus reorganized. 

By the forty-second day the ratio reached 184 + 17, and was 
followed by a rapid incline to 258 + 23 by the forty-fifth day. The rise 


i] 


was striking and well defined. The ratio on the forty-fifth day fell 


within the normal normal band passing across figure 5, and consequently 


was considered to be the end-point. In addition, the arithmetic means 
of the ratio fell within the standard deviation of the mean for the 
unfractured left fibula. 


2. Unfractured left fibula: It becomes apparent at once when 


figure 5 is examined why the unfractured left fibula cannot be used as 
a control for the fractured right fibula. The plotted ratios for the leit 
fibulae do not present a moderately straight line similar to that of the 
normal normal band, nor do they possess any of the characteristics of 
the unfractured left fibulae in the standard controls, as seen in figure 6 
(in the contrary, the left fluctuates in strength, as does the right, and 
surprising as it may seem, these fluctuations roughly occur simul- 
taneously with similar increases and decreases in the healing strength 
ratios of the fractured right fibulae. Consequently, attempts to plot the 
ratios of the right in terms of percentage of the left fibulae ar 
impossible. 

The exact ratios of the left fibulae as given in table 12, and as plotted 
in figure 5 show these fluctuations clearly and afford a ready table of 
results from which to conclude that we cannot call the left normal, 
nor can we use it to control the right. The explanation of this is at 
present problematic, but possible theories will be discussed later. 

IS. Data on Animal Weights and Food Intakes: The metabolism of 
the standard groups with fracture was studied in a manner similar to 
that of the standard controls, and the same compilation of data was 
made. The data have been plotted along with that of the controls im 
figures 7 and 8. 

The animals with fracture showed a moderate but readily identifiable 
gain in weight from the sixth to the fifteenth day, at which time, simul- 
taneously with a sharp loss in the strength of the callus, the increasing 
weight reversed its course and fell from plus 2.6 per cent on the 
fifteenth day to plus 0.4 per cent on the eighteenth. By the twenty 


first day the percentage had dropped to minus 4.7 per cent. Th 
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tage then rose to plus 7.5 per cent on the thirtieth day only to 
lowed by a sharp and rapid fall to minus 15.5 per cent by the 
sixth day. Thereafter it rose to plus 15.1 per cent on the thirty- 
day, fell to minus 2.7 per cent on the forty-second day and rose 
ad ended with plus 4.7 per cent on the forty-fifth day as is seen in 
13. 
lhe interesting point of the differences in weight from operation 


14] 
until Ul 


ie animal is killed as percentage of body weight at operation lies 

its correlation with the breaking strength ratios. An agreement 
apparently exists as shown by a rising percentage up to the fifteenth 
lay, simultaneously with the greatest strength in the primary callus, 


but thereafter the correlation is hard to draw. The elevation of 
TABLE 13—Body Weight and Food Intake * 


Difference in Weight From Food Consumed per 
Operation to Time of Killing Day as per Cent of 
as per Cent of Weight Jody weight at 
at Operation Operation 
0.9 
0.4 


26 
) 


fer to table 18a for complete data. 


metabolic percentages on the thirtieth day occurs coincidentally with 
the completion of the stage of modeling and the formation of the 
medullary cavity. However, the subsequent fall may be due to indi- 


lual variations in the animals on the thirty-sixth day or to some other 


metabolic factors at present unknown. Likewise, the sharp rise on the 


thirty-ninth day to an opposite extreme from the loss on the thirty- 
sixth day is inexplicable. These will be discussed at a later point in 


1 
tl 


Ms paper. 


"he food consumed per day observed as percentage of body weight 


t operation, and plotted in figure 8, agrees in a similar fashion to that 
for the standard controls with the weight percentages in that 

with loss of weight the food consumed diminished, and concomitantly 

gain in weight there was an increase in food consumption. 

is especially notable that on the fifteenth day the percentage of 

onsumed was 4.4 per cent at which time the primary callus was at 
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its greatest strength. With the loss in strength in the callus, the food 
consumption diminished. On the thirtieth day the percentage was at 
-+ 4.6 per cent, which was its greatest height. Table 13 gives the data 
for both the weight and food percentages. 


COM MENT 


The value of the beam testing machine for determining the healing 


strength of fractured fibulae of rats, as weil as the normal breaking 
strength, appears unlimited, but actually it possesses definite limitations 
which will be discussed later. However, the simplicity of its mechanism 
and the comparative accuracy of its determinations warrant a careful 
consideration of the results obtained from it. 

On the normal normal rats the correlations observed between 
fibular length, fibular strength and animal weight substantiated the 
findings of several previous workers, but the correlation shown to exist 
between the animal weight and the breaking and healing strength of 
the fibula proved to have an added value. Through this correlation we 
developed the formula sae = R, by means of which we were 
able to discount considerably the variations in breaking strength due 
to the disparity in the animals’ weight from 190 to 300 Gm. The band 
resulting from the observations on the normal normals gave us a com- 
parative guide by means of which we could adjudge the degree of 
normalcy of any given determinations within similar weight and age 
limits. 

The standard control group, being free from fractures and on the 
standard diet for the same interval in each period as a similar group 
of the standard animals with fracture, proved to be of considerable 
merit from two angles. In the one case it was found that the trend 
of the breaking strength of this group fell or diminished in direct pro- 
portion to the duration of time they were on diet. True, there was a 
rise of the breaking strength on the twenty-fourth day, but throughout 
the trend was downward. In the second instance, this group showed a 
steady loss of body weight and a diminution in the quantity of food 
consumed. Again, there were found fluctuations in the two curves 
presenting these results, but their course was a constantly decreasing 
percentage from beginning to end. The apparent correlation between 
loss in fibular strength and loss in animal weight may be attributable 
to the influence of the dict on the metabolism of the bone, especially on 
those metabolic factors that determine the strength of the bone. 

The unfractured left fibula in the standard fractured series fluctuated 
in strength concomitantly with similar fluctuations in the healing 
strength of the fractured right fibula. As the primary callus increased 
in strength to attain its highest level on the fifteenth day, the strength 
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oi the left likewise rose, and as the callus lost strength (seemingly 
through formation of the medullary cavity) the left also showed 
diminished breaking strength. Moreover, with subsequent cortical 
thickening and increased strength in the fracture, the strength of the 
unfractured left fibula also increased. At first glance one is strongly 
inclined to believe that this reaction presents evidence that the fracture 
is producing not a local response to injury, but rather a generalized 
skeletal reaction by means of which the skeleton fluctuates in strength 
as the fracture fluctuates. There seems little reason to doubt this within 
limitations. It is true that the unfractured left fibula may be varying 
in strength due to neurogenic stimuli arising in and crossing over from 
the fractured right fibula with consequential variations in blood supply 
to it, but we have found that the radii of the forelegs vary in strength 
also, so this cannot be the entire picture. It is also quite possible that 
phosphatase and the parathyroid hormone as personally suggested by 
Kay are factors in the rise and fall of strength in the left fibula, and this 
deserves special consideration. 

Phosphatase is an enzyme found especially in growing bone which 
possesses the power to transform the organic phosphate compound to 
an inorganic one in which form it is found in the bone. Kay * deter- 
mined that phosphatase exists in the circulation as well as in the growing 
epiphysis; in fact, in various bone diseases he recently found in some 
cases remarkable changes in the blood phosphatase level. In our labo- 
ratories, Ostergren and one of us (Dr. McKeown) showed in an 
unpublished preliminary study that the phosphatase of the rat skeleton 
with a fractured right fibula rises to the fifteenth day, and thereafter 
falls slowly back to its starting point. We saw in our gross examination 
of the callus, mentioned earlier in the paper, that the healing fracture 
became heavily impregnated with salts by the fifteenth day. In explana- 
tion of this, Harris * called our attention to the fact that this occurs in 
cartilage cells past the height of their growth curve and in the presence 


of an extremely small quantity of tissue fluid. He apparently would 
| 


lave us believe that calcification occurs in a diminished circulation of 
tissue juices and associated with vitamin D. Fell and Robison,* in 
cultivation in vitro of embryonic limb buds, found phosphatase formed 
by hypertrophic cartilage cells only. Thus, we seem to be confronted 


with two phases of phosphatase activity. A local response occurring 


4. Kay, H. D.: Plasma Phosphatase: II. The Enzyme in Disease Partic- 
larly in Bone Disease, J. Biol. Chem. 89:249, 1930. 
5). Harris, H. A.: Cod Liver Oil and the Vitamins in Relation to Bone Growth 
nd Rickets, Am. J. M. Sc. 181:453 (April) 1931. 
Fell, H. B. and Robison, Robert: The Growth, Development and Phos- 


Activity of Embryonic Avian Femora and Limb Buds Cultivated in Vitro, 
J. 23:767, 1929 
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at the fracture site simultaneously with cartilage formation and leading 
to calcification of the callus with increasing strength therein until th: 
fifteenth day, and a generalized skeletal reaction occurring coincidentally. 
which we may assume to be due either to an overflow of phosp atase 
from the fracture or a stimulation to increased phosphatase production 
occurring at all phosphatase centers in response to a substance elaborated 
by the fracture, and in either case resulting in greater skeletal strength 
from accelerated calcification. This is to no small extent hypothetie at 
the present time, but yet may afford a basis for future advances along 
this line. 

The falling strength noted in both the standard fractured right and 
left fibula may possibly be due to parathyroid hormone. It is difficult 
to believe that the mere mechanical activity of osteoclasts, or the fusing 
of the medullary blood vessels to form the medullary cavity, could in 
the space of six days produce the abrupt fall in strength seen in the 
healing fracture. Likewise in the fractured left fibula, since we are not 
confronted with a developing medullary cavity, we cannot at present 
assume any accelerated osteoclastic activity. As in the case of increasing 
strength and phosphatase, we are then confronted with the fact that 
the falling strength must be due largely to a circulating substance, and 
such a decalcifying substance that would produce falling strength could 
conceivably be the hormone of the parathyroid glands. We may thet 
assume that phosphatase and parathyroid hormone are antagonists 11 
the sense that the first accelerates calcification while the second 
accelerates decalcification. 

However, although all the foregoing assumptions are attractive, 
ihere still remain several results to consider that are not only interesting 
hut afford a basis for very appealing speculations. It will be recalled 
that on the normal normals we found the more the animal weighed, th 
stronger was its fibula. There seems no reason why this should not 
he stated in the reverse order; namely, that the lighter the animal, the 
weaker the bone. Turning to the breaking strength of the standard 
controls, we see that there was a progressive loss in strength from the 
sixth to the forty-fifth days, and that with this diminution the weight 
of the rats and the food they consumed fell from the beginning to the 
end of the experiment. Consequently, with this decrease in food an 
weight, the animals became lighter, and, becoming lighter, the strength 
of their fibulae fell. This was an important observation, for it may go 
far to explain the fluctuations observed in the breaking strength of 
the unfractured left fibula in the standard series with fracture. 

The strength of the unfractured left fibula rose on the fifteenth dev. 


while the weight as well as the food intake had also risen by the sam 


day. Between the fifteenth and the twenty-first davs, the strength tel! 
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the same time, the body weight and the quantity of food con- 
decreased also. This agreement between strength of the fibula, 
weight and the amount of food consumed exists throughout. 
are sharp rises and falls, but, in general, this comparatively close 
tionship of one to the other is readily seen. 


TCial 


\e know that the increasing strength in the fractured right fibula 


to and including the fifteenth day is due to the formation of the 


up to 
t 


primary callus. The simultaneous gain in weight throughout this 


interval we assume to be due to the stimulated metabolism occurring 
in the early reparative state that is said by workers in the field to follow 
any extensive tissue injury. Harvey and Howes obtained strong 
evidence to support this opinion in their studies on wound healing in 
the rat. 

\fter the fifteenth day the healing strength of the fractured right 
fibula falls to the twenty-first day, only to rise again through a slow 


sweeping curve. The nature and the relative smoothness of the curve 
could be better seen if the line were to be drawn without attempting to 
include the arithmetical means of each periodic observation. Such a 
curve would then be not irregular with peaks and valleys, but rathet 
even and regular. It would probably take the form of a sigma, and 
he expressive thereby of a chemical reaction. One is led to wonder 
if the body weights and the food intake were constant from beginning 
to end of the experiment, if such a curve would not be obtained. 

\lthough we may surmise that the animal weight and the fibular 
strength are closely correlated, we still find ourselves at sea in respect 
to the mechanism that adjusts the weight to produce the variations noted 
in the strengths from interval to interval. There is an undoubted factor 
of uniformity in the influencing agent, as we can see when the fibular 
strengths are studied. WHarris,° as we noted before, would have us 
believe that vitamin D controls calcification while vitamin A regulates 
the process of ossification. There seems no occasion for us to believe 
that the quantity of these vitamins available for absorption varies, but 
possibly the fracture elaborates a substance essential to the activity of 
the vitamins and which also influences the animals’ desire for food. 

lo consider the roentgenograms obtained in these studies, it has 
pointed out by Eliason? that the usefulness of the roentgenogram 
as an index of the degree of healing in the fracture is only during the 
period of primary callus formation. This was further emphasized in 
our studies. The roentgenogram outlined a maximum callus on the 


itteenth day which agreed with the breaking strength ratio at that time, 


Eliason, L. E.: Nelson's Loose Leaf Surgery, New York, T. Nelson & Son, 
oS p. 249. 





480 ARCHIVES OF SURGERY 


but this was followed by a loss of strength which was only suggested 
in the roentgenogram. Thereafter, the agreement of the findings 
between the roentgenogram and the breaking strength became less. 
The rarefaction of the fragments was, however, readily seen as was th. 
well healed fracture on the last two periods observed. The roentgeno- 
gram is of undoubted value, but considerable care must be exercised 
in attempts to interpret the strength of the callus from the picture seen, 


The histologic studies in process of preparation on the healing frac- 


tures of animals on the different diets that we are using in our work 
calls for passing attention. These will be reported in a separate series 
of papers in the near future. An attempt will be made in these to 
correlate the breaking strength with the predominating cell response 
present on the different intervals. 


SUMMARY 

By use of an original beam testing machine, the breaking and healing 
strengths of normal and fractured fibulae of rats were studied. It 
was observed that: 


1. The strength of the fibula of the rat was shown to be positively 
correlated with the fibular length and the animal weight. Similar cor- 
relations were shown to exist for any combination of these thre 
variables. 

2. The relation of body weight to fibular strength proved of con- 
siderable value. A formula to reduce the disparity in weights was 
developed. This resulted in the use of a breaking ratio R, as defined 
in the text. 


3. The breaking strength of fifty pair of unfractured fibulae ot 
normal normal rats on the standard diet one week had a ratio of 
252 + 9 for the left and 243 + 9 for the right, respectively. 

4. A series of standard control rats, free from fracture and on 
standard diet for from thirteen to fifty-two days, showed a breaking 
strength ratio which at times varied widely, but which fell steadily 
from the beginning to the end of the experiment. 


5. There were found to exist simultaneously with the falling strength 
similar fluctuations in the animal weights and the quantitative food 
intake. As the one fell, the other fell, and as the one rose, the other 
likewise rose. 

6. Similar correlations between animal weight, fibular length and 
fibular strength were seen to exist for this series of rats as for the 
normal normals. 





[r‘KEOWN ET AL—DIET IN HEALING OF FRACTURES 481 


7. A series of animals was kept on the standard diet for one week. 
Their right fibulae were then fractured. The rats were then killed at 
intervals of three days from the sixth to the forty-fifth days post- 
operatively, and the breaking strength ratios of the unfractured left 
Gbulae and the healing strength ratios of the fractured right fibulae were 
determined. The ratio of the fractured right fibula rose sharply to the 
fifteenth day, by which time the primary callus had formed. The ratio 
fell from the fifteenth to the twenty-first days as the medullary cavity 
developed, and slowly rose by a process of cortical thickening and 


reorganization of the callus to equal the normal normal ratio on the forty- 


fifth day, when strength was considered to have been restored. 

8. The ratios of the unfractured left fibulae closely followed the 
rises and falls in the ratios of the fractured right fibulae. 

9. Again the animal weights and food intakes varied simultaneously 
with differences in the ratio from interval to interval. 

10. Roentgenograms followed the healing strength ratios until the 
fiiteenth day, after which the degree of density seen proved to be no 
indication of the true strength of the healing fibula. 

11. The explanation of the comparatively close agreement between 
fluctuations in breaking or healing strength and animal weight and food 
intake is problematic. Several possibilities were considered, especially 
vitamins A and D, phosphatase, parathyroid hormone and the elabora- 
tion of a chemical substance at the fracture site. 


CONCLUSIONS 

1. The breaking strength ratio of the normal left fibula of the adult 
rat is 252 + 9, and of the right fibula 243 + 9. 

2. A close correlation exists between body weight, fibular length and 
fibular strength in normal rats. 

3. Normal fibular strength diminishes in rough proportion to the 
time the animal is on the standard diet (Moise and Smith). 

4+. The healing strength ratio of fractured right fibula of the rat 
rises with the formation of the primary callus, and falls with the 
development of the medullary cavity. Strength is restored to normal 
by the forty-fifth day through cortical thickening and reorganization 
of the callus. 

). Changes in the quantity of food consumed and the rats’ weight 
exert a strong influence on both the healing and the normal breaking 
strength of the fibulae. 

6. The roentgenogram is of distinct value in determining the 
racture strength only up to the formation of the primary callus. 

reafter its value diminishes. 
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ADDENDA 


COMPLETE DATA FOR STANDARD DIET 


TABLE 2a.—Correlation Between Fibular Length and Fibular Strength in 
Normal Rats 
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Pantie ta—Correlation Between Weight and Breaking Strength of 
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TABLE 7a.—Ratios of Breaking Strength of Right and Left 


Fibulae 
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-Correlation Between Fibular Length and Strength in Standard Control 
Group 
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Tas_eE 9a.—Correlation Between Fibular Length and Animal Weight in the 
Standard Control Group 
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lla —Data on Weight and Food in Standard Control Group—Continued 
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Paste l2a—Breaking Strength Ratios in Standard Group with Fracture 
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LE 12a—Breaking Strength Ratios in Standard Group with Fracture 
—Continued 
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TABLE 13a.—Body Weight and Food Intake of Rats in the Combined Group with 
Fracture 
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FRACTURES OF THE LOWER RADIAL 
EPIPHYSIS * 


WILLIAM L. WATSON, M.D. 


NEW YORK 


In 1898, J. Poland very completely and thoroughly discussed 
traumatic separations of the lower radial epiphyses. Eight years later 
two masterly treatises dealing entirely with injuries to the lower radial 
epiphysis appeared in the Paris Theses: one by Metenier and the 
other by Bonta. Not until 1922 and 1924, with the reports of M. K. 
Smith, does this subject again attract attention in the literature. 


ANATOMY 

The tesion dealt with here is one in which there is a solution of 
continuity in the radius at its lower extremity, and all, or at least part, 
of the line of separation passes through the cartilaginous plate of the 
epiphysis. The resultant condition fulfils the requirements of, and 
should be called, a fracture instead of a separation or dislocation. 

One knows that the longitudinal growth of a long bone is due to 
a proliferation of the tissue at and adjoining the epiphyseal cartilage, 
and the proliferating cartilaginous cells depend for their activity on 
their blood supply. The epiphysis obtains its blood supply from the 
periosteal network of arteries, large branches of which perforate the 
thin layer of compact tissue on its exterior and are distributed through- 
out the spongy cancellous tissue. Nearly the whole of the blood sup- 
ply is therefore independent of the diaphysis. Only one or two 
minute arteries pass from the diaphysis through the conjugal cartilage 
into the epiphysis. This accounts for the comparatively infrequent 
occurrence of necrosis of the epiphysis in traumatic separation of the 
epiphysis even when the diaphysis is more or less completely displaced 
from the epiphysis. The periosteum covering the diaphysis is less 
adherent than that covering the epiphysis and is more easily stripped 
up as a result of trauma. The epiphysis toward which the nutrient 
artery points usually unites to the shaft first, and consequently the 
greater longitudinal growth is produced by the opposite epiphysis. The 
lower radial and ulnar epiphyses unite later than the upper ones do, 
and so produce the greater longitudinal growth. The synovial pouch 
of the carpus is in contact with the lower radial epiphysis only on its 
medial surface, and is rarely lacerated in fractures of the epiphysis. 
There are no important muscular or fibrous attachments to the lower 
radial epiphysis. 


* Submitted for publication, May 19, 1931. 
* From the Fifth Avenue Hospital. 
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In the common posterior displacement noted in lower radial epi- 
seal fractures, the following changes in the normal anatomy are 


noted: 


1. The periosteum is torn through on the anterior aspect at the 


| of the conjugal cartilage and stripped up on the dorsal aspect. 
2. The line of separation is smooth. There are no spicules of bone 
to interlock and hold the fragments separated. 
3. A few fibers of the pronator quadratus muscle are lacerated. 
4. Cases of radial or median nerve involvement have been reported. 
5. The cells of the cartilaginous plate are more or less damaged. 
6. The periosteal and nutrient artery blood supply is interfered 
with. 
S. L. Haas, in his work on epiphyseal transplantation, stated that 
epiphysis was a highly specialized tissue very much dependent on 


> at Which Epiphyseal Ossification Occurs in the Lower Radius and Ulna* 
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From Stevenson (Am. J. Phys. Anthropol., January-March, 1924, vol. 7 


its blood supply and, for this reason, a very vulnerable tissue with its 
viability after transplantation directly dependent on its blood supply. 

The age at which epiphyseal ossification takes place in the lower 
radius and ulna has been variously reported. The accompanying table 
by Stevenson gives the ages and the authority from which each is 
quoted. The average is 18 years for the head of the radius, from 
16 to 17 years for the head of the ulna, and 19 years for both distal 
epiphyses. 

INCIDENCE 

Fracture of the lower radial epiphysis is the most common of all 
he epiphyseal fractures, and, according to Poland, this frequency is 
due in all probability to the following facts: (1) its anatomic char- 


+ 


eristics (it is large in comparison with its adjacent diaphysis and 
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it has a superficial location) ; (2) its skeletal situation is such that jt 
is subject to indirect violence through trauma to the carpus and hand: 
(3) the lower radial epiphysis does not diminish in size in relation t 
the rest of the growing bone as do the epiphyses of other long bones: 
(+) this epiphysis is one of the last to become ossified to its diaphysis, 


and so it is potentially exposed to the possibility of fracture over 


a 


longer period of time, and (5) it is possible that because of its super- 


ficial location the diagnosis is less often missed than is the case with 
epiphyses in less accessible locations. 

In 1878 Bruns reported a series of eighty-one cases with 101 frac- 
tures at or near the epiphysis, and the most frequent site was the 
lower end of the femur (twenty-eight cases) and next the lower end 
of the radius (twenty-five cases). However, his work was recorded 
before the use of x-rays for diagnosis. Later reports show that the 
lower radial epiphysis is most frequently fractured. 

Age.—lt is well known that the majority of cases are seen in the 
second decade of life. Poland gives a series of twenty-eight cases, 
and twenty-three of these patients were between the ages of 12 and 18. 
There were five patients under 9 years of age, one of these an infant 
aged 1 year. M. K. Smith reported twelve cases in patients with an 
average age of 14 vears. The injury is relatively uncommon after 
18 years of age. 

In 1834, Dupuytren first pointed out that when a child fell on the 
outstretched hand, a fracture of the forearm resulted and not a frac- 
ture of the lower end of the radius as in an adult. Coulon, in his 
work, “Fractures in Children,” made the same statement, adding that 
when an epiphyseal fracture does occur, it is usually in children 13 
or 14 years of age and rarely before the age of 10 years. The epiphysis 
is relatively more resistant to trauma than the lower end of the radius 
in adult life. The majority of the patients are of the male sex; 80 


per cent of Poland’s cases were in boys. 


ETIOLOGY AND TREATMENT 

/:tiology.—.\ back thrust from a fall on the outstretched hand or 
from hyperextension, as from a back-firing motor, are the usual causes, 
or, as Cotton said, the causes are the same as those which produce 
Colles’ type of fracture in the adult; he added that they occur more 
often in grown boys than in small children. These fractures are 
nearly always due to indirect violence, as in falls from a height on 
an outstretched and pronated hand when the weight of the body 1s 
transmitted through the ball of the thumb to the posterior part of the 
radial epiphysis, causing the fracture and the backward displacement 


of the lower fragment, as is most commonly the case. A direct crush- 
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blow at the site of the epiphysis may readily produce the fracture, 

is an uncommon Cause. 

Diagnosis —The displacement of the lower radial epiphysis 1s 
usually upward and backward. It is diagnosed by the resulting dinner- 
fork deformity together with increased anteroposterior diameter, limi- 
tation of flexion and extension, and radial deviation; also by pain and 
point tenderness on pressure over the epiphyseal line. Impaction is 
rare. Roentgenograms of the normal as well as the injured wrist 
should be taken in the anteroposterior and lateral directions. It is weli 
to note that epiphyseal fractures without displacement often cannot be 
picked up by roentgenography and are commonly diagnosed as “sprains.” 


Unfortunately these undiagnosed fractures are prone to result in arrest 


ff growth. Forward displacement of the epiphysis is not uncommon 


and gives a clinical picture similar to the “reversed Colles’ fracture” of 
adult life. An accompanying fracture of the stvloid process of the 
ulna is not uncommon. <A soft crepitus may be made out, but it is 


not necessary for diagnosis and should not be sought for. 


T'reatment—When there is no displacement, or after reduction 
of a slight displacement (which can be done readily without an 
anesthetic ), the hand and forearm are put up in a simple retentive splint 
for from eighteen to twenty days. Complete displacements should be 
reduced under an anesthetic by hyperextension, traction and flexion 
manipulation. There is little tendency for the deformity to recur 
after complete reduction. The union is more rapid than in Colles’ frac- 
tures in adults. In complicated cases, an open operation may be 
necessary. Poland collected four cases in which it was necessary to resect 
the diaphyseal end of the radius to effect the reduction of the fragments. 
He mentioned the necessity for resection of the whole or part of the 
injured radial epiphysis in some cases in which the epiphysis was 
severely comminuted or when ankylosis appeared certain. He also 
stated that conjugal chondrectomy, that is, excision of the conjugal 
cartilage of the ulna, may be performed to produce its arrest of growth 
in deformity arising from cessation of growth of the radius after 
epiphyseal injury. This is especially desirable when there is still a 
considerable period of time before the bone reaches its limit of increase 
in length, 

J. Walton stated that if there is subsequent cessation of growth 
ol the radius after epiphyseal injury, it may be necessary to remove a 
section of the shaft of the ulna to overcome the resulting deformity 
of the wrist. 

|. Zadek believed that in fractures of the lower radial epiphysis, 

igainst Colles’ fractures, there are two smooth surfaces in contact 


an absence of interlocking spicules of bone to help maintain the 
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reduction, and that with the usual upward and backward displacement 


of the epiphysis of the radius, the epiphysis may be forced into place 


readily, but there is a strong tendency for the displacement to recur 
immediately. He recommended a general anesthetic for reduction with 
maintenance by means of a circular plaster of paris cast with the wrist 
in 100 degrees palmar flexion for two and one-half to three weeks. 

Complications—Besides the separation of the lower fragment, 
there may be another fracture line through the epiphysis, or the epiphysis 
may be severely comminuted although the structure is more resistant 
than the corresponding portion of the radius in adult life. Laceration 
of the muscle fibers of the pronator quadratus is mentioned, but only 
a few fibers are attached to the epiphysis and this complication is 
unimportant. If the fracture is limited to the epiphysis the wrist joint 
will always escape injury. However, traumatic arthritis in the wrist may 
be produced by the exciting cause. The periosteum of the lower diaphy- 
sis is usually detached or lacerated and a bit of it may become wedged 
between the fragments. Accompanying the radial lesion, there may be 
a fracture of the ulna styloid, but this is not as common as in Colles’ 
fractures. A fracture of the adjacent shaft of the radius frequently 
occurs. Cases of pressure on the radial and median nerve have been 
reported. The most important, and not the least frequent, complication 
arising after an epiphyseal fracture is a disturbance in growth activity. 
The severity of the resulting deformity is dependent on the degree of 
injury to the epiphyseal cartilage and its blood supply. Minor injuries 
to these structures cause retardation of longitudinal growth and more 
severe injuries produce a premature ossification of the epiphysis to 
the diaphysis, the resulting degree of wrist deformity being greater the 
vounger the patient is at the time of the accident. 

Prognosis.—No cases of non-union have been reported, and, in the 
uncomplicated cases, union takes place in the second or third week. 
The resulting wrist function is good. Deformity is usually due to 
nonreduction or union in a faulty position, and this deformity 1s 
usually completely effaced in following vears. .\rrest of growth causes 
marked deformity because of the increase in length of the adjacent 
ulna. DePaoli did not find any evidence of arrested growth after two 
years in any of his seventeen cases. J. Poland collected eighteen cases 
of arrested growth. M. K. Smith had twelve cases five of which 
showed retardation of growth, and of these three had premature ossi- 
fication. He stated that the prognosis should be guarded because it 
depends on four factors: (1) the roentgen appearance, (2) the extent 
of the injury, (3) the reduction and (4) the age of the patient. 

IX. \W. Andrews reported on the medicolegal aspect of premature 
ossification. He looked up the literature in defense of a fellow prac- 


oe ° e e « - * 4 
titioner who was being sued for malpractice because of a fracture whic) 
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he had apparently adequately reduced when the patient was a child. 
lhe patient had developed a marked deformity in later life due to 
premature ossification of the radial epiphysis. 


The literature contains very few references to the treatment for 


premature ossification of the lower radial epiphysis. Conjugal chon- 


drectomy and osteotomy of the ulna are mentioned as possibilities, but 
the indications for, and the results of these operations were not men- 
tioned. For this reason it seems worth while to report two cases, in 
one of which an operation was performed, and in the other no opera- 
tion, with a follow-up of each. 


REPORT OF CASES 


SE 1. ’. F., a boy, aged 12 years, came to the outpatient department of 
the Fifth Avenue Hospital on Sept. 19, 1929, complaining of weakness and 
deformity of the left wrist of six years’ duration. Seven years previously, when 
he was 5 years old, he fell from a height of 10 feet (3 meters) into a basement, 
striking his head and left arm. He was taken to a city hospital. The report 
from that institution follows : 

W. F., a white 5 year old boy, was admitted to the hospital on July 5, 1923, 
and was discharged on July 7. The diagnosis was a fractured left radius. 


History—The patient was brought to the hospital in a taxicab, and his father 
stated that he fell about 10 feet, striking on both hands. He got up and ran 
home, which was about a block away from the accident. He said that his left 
hand hurt him and he could not use it. 


Examination.—There was an abrasion about 2 inches (4.6 cm.) in diameter 
on his forehead. His upper lip was markedly swollen and there was ecchymosis 
about both eyes. Dry blood was noted in both nostrils. The pupils were equal 
but slightly dilated. The left wrist showed the usual appearance of a Colles’ frac- 
ture. The chest and abdomen were normal. 


Diagnosis—A provisional diagnosis of fractured skull, concussion of the brain 
ind left Colles’ fracture was made, and roentgenograms taken of the left forearm 
showed an oblique fracture through the lower left radial epiphysis with no dis- 
placement. Roentgenograms of the skull showed no evidence of fracture. 


/reatment.—An anterior molded splint was applied, and the patient was put to 
bed. His pulse was taken every hour, showing a rate of between 100 and 110. 
His temperature remained normal and he was conscious all the time and took 
nourishment well. He remained in the hospital for two days and was then taken 
home. After two weeks the splint was removed and his condition was considered 
Satistactory. 


Subsequent History —For the first year or two after the accident, there was 


© apparent difficulty with the left wrist. Then the mother noted a very slight 
defi 


n 


rmity which slowly became more noticeable up to one year ago, when it was 
obvious that something was wrong. During the past year the deformity 
lly became more pronounced, and the patient began to complain of weakness 
s left hand. In August, 1929, he went to another hospital where roentgeno- 
s were taken and the old fracture was recognized. Considerable deformity of 
it wrist was present at that time. He was advised to return for observation 





498 ARCHIVES OF SURGERY 


over a period of months to determine the extent of the epiphyseal injury. 
he did not do, and the following month he was admitted to the Fifth 
Hospital. 


Physical Examination.—The general appearance was that of a husky boy 


years. The routine examination gave negative results except for the local 


tion. The results of laboratory examinations were negative. Local conditi 
The leit forearm as well as the left hand was smaller than the right. Th: 
forearm was 134 inches (3.3 cm.) shorter than the right as measured from 
olecranon to the tip of the middle finger. The musculature of the left hand and 
forearm was less well developed than that of the right, and the left hand showed 
a marked radial deviation. The lower end of the ulna protruded downward and 
outward. The left grip was weaker than the right. Ulnar deviation was limited 
while redial deviation was increased. Pronation and supination were not limited. 








4, roentgen appearance of the injured wrist in case 1, six years alter 
the accident. It shows the premature ossification of the lower radial epiphysis and 
the increase in ulnar length; also the radial deviation deformity. 2, the norma 


wrist 


and flexion and extension were only slightly limited by weakness. The radio 
ulnar attachments were loose and allowed free up and down movement of either 
bone. The lower end of the radius presented a roughened, irregularly prominent 
bony thickening 

\ provisional diagnosis of old injury to the lower radial epiphysis with retarda- 
tion of growth was made. 

Roentgen examination (fig. 1 .4) showed an old fracture through the lower 
end of the radius which was apparently markedly impacted. The lower end 0! 
the radius was spread outward and cupped. The epiphysis had been destroyed 
or at least rendered inactive as the ulna had lengthened, so that the styloid process 
was approximately three fourths of an inch (1.90 cm.) lower than the articular 


surface of the lower end of the radius, thus causing deviation of the carpus towar' 
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the radial side of the forearm. Roentgen measurements showed the left ulna to 
be 18.5 em. in length and the right 20.5 cm.; the left radius, 14.75 cm., and the 


rjaht 19.75 cm. 


[he patient was admitted to the hospital on Sept. 23, 1929, and discharged on 


26. On September 27, under general anesthesia, a 2 inch (5.08 cm.) 








Fig. 2—A, the periosteal thickening about the amputated end of the ulna. B, 
roentgenogram of the normal forearm and wrist showing the greater length as 
pared with side on which the operation was performed. 


gitudinal incision was made medial to the distal end of the left ulna. At a point 
lged to be at the level of the lower radial articulation the ulna was cut through 


Gigli saw and the lower fragment excised. A few thinned-out fibers of 
‘onator quadratus were stripped from the lateral surface. No nerves or 
blood vessels were cut. The wound was closed without drainage, and 
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anterior and posterior molded plaster of paris splints were applied with th 
in the cock up position and ulnar deviation. The patient was examined roent- 
genologically on leaving the operating room, and the following report was miade 
“Films of the left wrist show that the lower end of the ulna has been removed < 
that its lower margin is about on a level with the lowest point of the articular 


surface of the radius.” 








Fig. 3.—A, postoperative appearance, showing the shortening of the left fore- 


arm. 8B, photograph showing the ulnar deviation of the left wrist practically equal 


to that of the right wrist. 








Fig. 4—Appearance of the arm fifteen months after operation. 


Postoperative Course.—The wound healed by primary union, and, except for a 


small blister on the anterior surface of the wrist due either to iodine or to the 
closely applied splints and a slight, temporary, unexplained rise in temperature on 
the seventeenth postoperative day, the patient made an uneventful recovery. Chest 


Ww 


films taken during the temperature elevation were negative for lung involvement 


The splints were discarded on the twelfth postoperative day, and exercises, baku 


and massage were started. 
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ithologic examination of the excised epiphysis was not done because it was 


irently normal. The patient was discharged from the hospital on the twenty- 


postoperative day. 
low-Up Examination.—One month after the operation, the patient’s wrist 
was good and there was a decided increase in the degree of ulnar deviation 











Roentgen appearance of both arms fifteen months after operation. 


wrist strength. A conspicuous, firm, thickening about the lower end of the 
was noted and a roentgenogram (fig. 2 A) taken at that time showed a 

othened lower ulnar surface and a periosteal thickening. Pronation and 
lation were considerably limited because of the periosteal reaction at the lower 
f the ulna. The general appearance of the left arm as compared with the 
is shown by the photographs (fig. 3) taken at this time. 
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Ten weeks after operation the following measurements were taken: 


Left, Cm. 
Circumference of wrist = 5.0 
Length from olecranon to tip of middle finger — 33.0 
Circumference at level of metacarpophalangeal joint 
Circumference of forearm 
Circumference at elbow 
Length of radius (roentgenogram) 


Length of ulna before operation (roentgenogram) 
Length of ulna after operation (roentgenogram).. 


Fig. 6.—The deformity in case 2, resulting from premature ossification of 
lower radial epiphysis. 


Five months after the operation the left wrist showed good function and 
strength, ulnar deviation being only slightly limited. Fifteen months after the 
operation there was practically no limitation of strength or mobility in the lett 
wrist; the patient was playing basket ball and had even engaged in several fist 
fights with considerable success. 


Case 2—J. R., a man, 38 years old, an Italian, came into the hospital tor 
resection of a growth in the large bowel. A deformity of the left forearm was 
noted and the following typical history was obtained: 





{TSON—FRACTURES OF LOWER RADIAL EPIPHYSIS 503 


the age of 5 years he was sliding down a banister when he fell, landing 
flights below. He was unconscious when picked up and was suffering from 
rated scalp and fractured left forearm and knee. He was treated in his 


where he remained in bed for one month. During that time four attempts 














Roentgen appearance of both forearms in case 2. 


] 


made to reduce the fractured forearm. During the next nine years he had 


rther trouble \t the age of 14, a lump on the left wrist was first noted, 


er with some weakness as compared with the right. Later he noted that 
It arm was shorter than the right. The weakness persisted, but did not 
ip him in his typewriting. Figure 6 shows the marked shortening of the left 


as compared with the right. 
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CONCLUSIONS 
1. Even after adequate reduction of an epiphyseal fracture a 
mature ossification with a resultant wrist deformity may ensue. 
2. \ follow-up of these fractures should extend over a period 
at least two years. 


3. Conjugal chondrectomy should be done as soon as a definite 


diagnosis of premature ossification can be made; this requires careful 


observation and frequent roentgenograms of both forearms. 

4+. The amount of longitudinal growth to be expected from the 
upper epiphysis of the radius is small, so the ulna should be excised at 
the level of the articulating surface of the radius. 

5. Conjugal chondrectomy is a simple procedure and gives a well 
functioning wrist. If done early enough it would probably prevent 
muscle weakness and atrophy. 
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INCIDENCE OF NODULES IN THE THYROID 


COMPARATIVE STUDY OF SYMPTOMLESS THYROID GLANDS 
REMOVED AT AUTOPSY AND HYPERFUNCTIONING 
GOITERS OPERATIVELY REMOVED * 


CARL ©. RICE, 3D. 


MINNEAPOLIS 


The presence of nodules within an otherwise normal thyroid gland 
is well recognized. Whether or not these nodules have any definite 
significance has long been a debated question. It has been thought that 
they represent developmental processes that occur in the natural course 
of development and indicate no significant feature. They have also 
been considered as involutional bodies, representative of the stages in 
hyperthyroid diseases, and they have been looked on as true tumors 
arising from germinal centers and having the significance of benign 
neoplasms. Whichever may be the case, their definite significance has 
never been proved. 

If one is to establish the normal for a given district by assuming 
that the majority represents the normal, then one must accept the 
presence of nodules in the thyroid gland as a normal characteristic in 
Minnesota. It is, however, more probable that these nodules represent 
an attempt to establish a physiologically normal gland, and to that extent 
they may be considered physiologically normal. 

The presence of nodules in goitrous thyroid glands has likewise 
been a controversial point. Any proof to indicate their etiologic sig- 
nificance has not been definitely established. 

A comparative study of the incidence of nodules in a postmortem 
series without symptoms referable to the thyroid gland and in hyper- 
functioning goiters removed at operation would be of interest and may 
be able to throw some light on the reason for their existence. With 
that point in view, this study has been undertaken. The operative 
specimens constitute the group of cases classified as exophthalmic goiter 
and hyperfunctioning adenomatous goiter. The postmortem series is 
composed of supposedly normal thyroid glands removed from unselected 
patients dying of diseases other than those of the thyroid gland. 


Submitted for publication, July 13, 1931. 
From the Department of Surgery, University of Minnesota. 
Submitted to the Faculty of the Graduate School of the University of 
nesota in partial fulfilment of the requirements for the degree of Master of 
in Surgery. 
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REVIEW OF THE LITERATURE 


Goiter is found in all parts of the world, but its incidence may vary 


greatly in different localities. In Europe the goiter districts are known 
to comprise southern France, southern Germany, Switzerland, southern 
Austria and northern Italy. Within these goitrous districts the inci- 
dence is likewise exceedingly variable. Steiner,' in reviewing the goiter 
situation in Switzerland, demonstrated that the incidence of goiter in 
different cantons may vary from 5.7 per cent to 80.4 per cent. In Spain, 
Maranon * pointed out that all the mountainous districts exhibit goiter, 
often representing an incidence as high as 25 per cent. In Asia prac 
tically all of the Himalaya districts are in a goitrous belt, the incidence: 
being as high as 20 per cent in some localities. Hirsch * pointed out 
the presence of goiter in the region of the Andes Mountains in South 
\merica and in Central America. 

In the United States goiter is found endemic in the northern states, 
most frequently in the Pacific Northwest and in the regions of the 
Great Lakes. This geographic distribution is illustrated by Carter 
in his material collected from the draft board statistics. From. thesé 
figures it is found that 80.4 per cent of the drafted men_ presented 
thyroid enlargement. These figures are confronted with numerous 
possibilities for error and would be worthless if taken individualiy to 
represent the incidence of goiter in any particular locality. But col 
lectively, they indicate the general trend of the distribution of thyroid 
enlargement. Olesen and Clark ® studied the incidence in Minnesota 
and found that of 4,061 students examined between the ages of 5 and 
23 years, 40 per cent of the boys and 71 per cent of the girls had 
enlargement of the thyroid gland. 

The parallelism between the diffuse goiter and nodular goiter 1s very 
evident in some localities, whereas in others it is quite divergent, as 


Steiner ® has shown in Switzerland. In one canton where goiter was 
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found in 41 per cent of the inhabitants, he found that 31 per cent were 
nodular goiters, whereas in another canton where 51.1 per cent of the 
‘nhabitants had goiter, only 3.3 per cent contained nodules. 

Aschoff * pointed out that nodules are found in thyroid glands in 
northern Germany, a nongoitrous district, just as frequently as they 
are in southern Germany, bit that those in the goitrous districts are 
much larger. He suggested that the nodule is a sort of tumor rest that 
exists in every human thyroid gland, but that these tumor rests show 
intensive growth only under favorable stimulation, whatever that stimu- 
lation may be. 

ADENOMAS IN THE THYROID GLAND 

The adenomas have been generally classified into two main groups, 
the colloid adenoma and the fetal adenoma. The consensus as to what 
constitutes a colloid adenoma is well established; namely, that it is a 
localized area with proliferative or involutional changes of the follicle 
with large colloid-containing acini, usually encapsulated. The histologic 
structure may be in all respects similar to that of the normal paren- 
chyma, except that there is no separation into lobules by fibrous tissue 
stroma, as is seen in the normal thyroid gland. 

Fetal adenomas are those in which the structure resembles that seen 
in the fetal thyroid gland. Wegelin*® referred to them as parenchym- 
atous nodules, and classified them into three types according to their 
structure, calling them trabecular, tubular and small follicular adenomas. 
He, however, considered them all fundamentally the same. 

Intermediate nodules are those exhibiting characteristics of each of 
the other two types within its structure, as described by Bell.® 

Degenerate nodules constitute all those in which degenerative changes 
have occurred, as cystic, fibrous, hyaline, calcareous, hemorrhagic, ete. 
Originally these may have been any one of the other types of nodules 
that had undergone degenerative changes. Woelz,’® in making a com- 
parative study of the various types of goiter in Basel and Berne, 
observed that degenerative changes were found more frequently in the 
goiters of Basel than in those of Berne. She believed that this could 


7. Aschoff, Ludwig: Pathologic Anatomy of Endemic Struma, in International 
Conterence on Goiter, New York, Paul B. Hoeber, Inc., 1927; The Goiter Problem, 
specially the Goiter of Puberty, in Lectures on Pathology, New York, Paul B. 
Hoeber, Inc., 1925. 

8. Wegelin, C.: Die Schilddriise, in Henke, F., and Lubarsch, O.: Hand- 

der speziellen pathologischen Anatomie und Histologie, Berlin, Julius 
Springer, 1926, vol. 8. 
¥. Bell, E. T.: Textbook of Pathology, Philadelphia, Lea & Febiger, 1930. 
10. Woelz, Emilie: Vergleichende Untersuchungen iiber die Haufigkeit der 
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be explained by the fact that colloid nodules are more prone to develop 
degenerative changes than the fetal type of nodule. The latter are 
found more frequently in the goitrous district of Berne, whereas colloid 
nodules are found more frequently in Basel, which lies toward the 
periphery of the region endemic for goiter. 

There are two prevailing opinions with regard to the formation of 
adenomas. That formulated by Wolfler’! and Ribbert ** postulates 
that adenomas of the thyroid arise from embryonal cell rests scattered 
throughout the thyroid tissue. Wolfler has classified these types of 
adenoma as fetal because of their similarity in structure to that of the 
thyroid in the fetus. His conclusions were based on operative material 
ot fully developed goiters, deducing from their histologic structure his 
conclusions that the nodules arose from embryonal cell rests. Hitzig 
and Michaud,'* investigating the structure of adenomatous goiters and 
examining many from young persons, came to the conclusion that the 
nodules were not embryonal rests, but that they developed from normal 
thyroid tissue by metaplasia of the epithelial cells within a localized 
area replacing the normal tissue, thereby forming a complete secondary 
lobule or nodule. More recently Kramer,’® Vogel,'® Hueck,'* Kline 
and others have expressed the same opinion. 

Aschoftf is of the opinion that nodules develop as tumors and not as 
localized hypertrophy and hyperplasia. Kramer observed that the epi- 
thelial proliferation that leads to the formation of adenomas has its 
origin in the centrally situated follicles of the thyroid lobule. Aschoff 
called these centrally situated follicles canaliculi, and expressed the 
belief that they are rests of germ material from which the other follicles 
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of the thyroid have developed. Birkle de la Camp *® was of the same 
opinion. ‘In referring to the development of colloid nodules, Rienhoff °° 
spoke of involutional bodies, and he believes that these areas represent 
a stage in the disease of hyperthyroidism. Hertzler ** referred to them 
as bosselated areas on a similar basis. 

Graham ** expressed the belief that the development of nodules can 
be explained by a single process rather than by multiple processes or 
mechanisms of fundamentally different. character. He believes that 
there is a difference in degree of reversion, growth, differentiation and 
encapsulation which produces the various gross and microscopic pictures 


that may be observed in nodular goiter. He considered nodular goiter 
related to the hyperplastic phases of thyroid overgrowth, and that the 
process of nodular formation may have its inception at any stage in 
the life of the individual. Wangensteen ** observed that the blood 


supply in the region of an adenoma or in the region of degenerating 
areas is usually poor. This may also be a factor in the development 
of adenomas. 
INCIDENCE OF NODULES 

Nodules occur infrequently in the thyroid glands of young persons, 
but Wegelin ® found 1.9 per cent in those of children under 10 years 
of age. The thyroid glands of more than half of the persons in Berne 
over 20 years of age have nodules, and in persons over 60 years of age 
it is uncommon to find glands without nodules. Wegelin found 73.3 
per cent in men and 88.4 per cent in women over 25 years of age. 
Jaffe ** found in the region of Chicago that nodules occurred in 30 per 
cent of men and 44.7 per cent of women over 20 years of age. He 

19. Burkle de la Camp: Einteilung der striimosen Erkankungen des Schild- 
drtise von pathologisch anatomischen Gesichtspunken aus unter Beriicksichtigung 
hrer klinischen, Erscheinungen, Arch. f. klin. Chir. 180:207, 1927. 

20. Reinhoff, W. F., Jr.: Thyroid Gland, in Lewis, Dean: Practice of Surgery, 
Hagerstown, Md., W. F. Prior Company, 1928, vol. 6, chap. 1; Gross and 
Microscopic Structure in Thyroid Gland in Man, Arch. Surg. 19:986 (Dec.) 1929; 
Histologic Changes Brought About in Case of Exophthalmic Goiter by Adminis- 
tration of Iodine, Bull. Johns Hopkins Hosp. 37:285, 1925. Reinhoff, W. F., and 
Lewis, D.: Relation of Hyperthyroidism to Benign Tumors of the Thyroid Gland, 
\rch. Surg. 16:79 (Jan.) 1928. 

21. Hertzler, A. E.: Diseases of the Thyroid Gland, St. Louis, C. V. Mosby 
Company, 1929, 

22. Graham, A.: Nodular Goiters; Their Relation to Neoplasia, Am. J. Surg. 
7:163, 1929, 

23. Wangensteen, Owen H.: The Blood Supply of the Thyroid Gland with 
ecial Reference to the Vascular System of the Cretin Goiter, Surg., Gynec. & 
Obst. 48:613, 1929, 

24. Jaffé, R. H.: The Variation in Weight of the Thyroid Gland and the 
quency of Its Abnormal Enlargement in the Region of Chicago, Arch. Path. 
10:87 (Dec.) 1930. 
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referred to the fact that there is a constant increase in the frequency of 





nodules with advancing age. The work of Kloppel, Davidsohn,”® Clere * 
and Hueck !* would also indicate that the incidence of nodules increases 
with advancing age. Hellwig ** made a comparison between goiters from 
North America and goiters from Switzerland, and he came to the conclu- 
sion that there is a definite difference between them, particularly in the 
percentage of the various types of goiter. Basing his work on operativel 
removed specimens, he found that 47 per cent of the goiters from 
Kansas contained nodules, whereas in his cases studied in Freiburg, the 
incidence of nodules was 77 per cent, and in Rostock it was 32 per cent 

Woelz,’® in calculating the relative frequency of the various types 
of goiter occurring in Switzerland, as based on the histologic examination 
of operatively removed specimens from Basel and Berne, showed that 
92 per cent of the cases were nodular. 


METHOD OF COLLECTING AND PREPARING MATERIAL 

The material used was collected at the University of Minnesota from the 
Minneapolis General, the Ancker and the University hospitals between January, 
1929, and January, 1931. It represents 390 glands removed post mortem and 165 
glands removed at operation. The cases were collected from corresponding age 
groups and from corresponding localities, and represent a fair distribution for 
the state of Minnesota. 

The postmortem series includes the glands of persons dying of numerous causes 
No attempt was made to select the patients, except to exclude those who presented 
a definite history of hyperfunctioning thyroid disease or in whom there was a 
very evident goiter on casual inspection post mortem. Large glands that were not 
observed before removal of the gland were not excluded from the series. All of 
the operatively removed glands were taken from patients on whom thryoidectom) 
was performed for hyperfunctioning thyroid disease. This included exophthalmi 
goiter and adenomatous goiter with hyperthyroidism. The ages of the persons 
from whom the thyroid glands were obtained ranged between 11 and 75 years. 
This distribution is indicated in table 1. A definite prevalence of males can be 
observed in the postmortem series, whereas a definite prevalence of females can 
be observed in the postoperative series. 

All glands were cut into sections 3 mm. thick and examined grossly. The 
number of nodules were counted in each gland and their size measured in milli- 
meters. Where more than one nodule was found in each gland, the average siz‘ 
was tabulated. The type of nodule was determined by gross and microscopic 


25. Davidsohn, Carl: Der Bau der Krépfe und seine Bedeutung fiir Function 
und Krankheit, Berl. klin. Wehnschr. 48:2070, 1911; Ueber den Schlesischen 
Kropf, Virchows Arch. f. path. Anat. 205:170, 1911. 

26. Clerc, Edward: Die Schilddriise in hohen Alter, von 50 Lebensjahr an aus 
der norddeutschen Ebene und Kiistengegend sowie aus Berne, Frankfurt. Ztschr 
f. Path. 10:1, 1922. 

27. Hellwig, C. Alex.: Morphological Changes in Exophthalmic Goiter Fol- 
lowing the Use of Lugol’s Solution, Surg., Gynec. & Obst. 27:173, 1928; Form 
und Funktion des nordamerikanischen Kropfes, Arch. f. klin. Chir. 154:1, 1929. 
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examinations. Because of the great discrepancy in the number of cases in the 
male between the two series, only the female glands were used in these calculations. 
It is assumed that if satisfactory comparisons could be made of the male glands, 
similar results would be observed. 


THE WEIGHT OF THE THYROID GLANDS 

The average weight of the thyroid glands in the postmortem series 
was less than that in the postoperative series. The average weight of 
elands with nodules, post mortem, was 42.02 Gm., and postoperatively 
was 99.55 Gm. The average weight without nodules, post mortem, was 
25.99 Gm., and postoperatively was 61.79 Gm. 

It is to be remembered, however, that in the postoperative series, 
from one fourth to one half of a normal-sized lobe was allowed to 


TaBLE 1.—Distribution According to Age in the Postmortem and 
Postoperative Serics 


Postmortem Series Postoperative Series 
Number of Cases Number of Cases 
A 


- —_ ~ 


tienitadanieaian. ebiaan = 
Female Male Female Male 


l 0 
1S 


13 


remain, and therefore these weights give only an indication of the 

definite increase in size of the thyroid gland in goiters and do not rep- 
resent the actual weight of the goitrous thyroid glands. 

A wide range of variability was observed in both series of cases, 

ut the postmortem series appeared to lie within a definite limit of from 

10 to 65 Gm., whereas the postoperative series ranged from 10 to 300 

or more. The glands containing nodules had a wider range of 

iiability in weight than those without nodules. 


NODULES 


‘ncidence of Nodules—The incidence of nodules in the postoperative 
series was 57.14 per cent, and in the postmortem, 56.95 per cent. As 


e individual becomes older, the incidence of nodules becomes greater. 


dis increase in the incidence with advancing age was observed in both 
ries, so that in persons between 70 and 75 years of age 100 per cent 
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of the glands are found to contain nodules. A comparison of the inci- 
dence of nodules as found by Klose ** and Hellwig with this series will 
be of interest. 

Number of Nodules per Gland—The number of nodules per gland 
was variable in the two series, the significance of which cannot be defi- 
nitely established. Their incidence is observed in table 3, as well as a 
comparison of these results with Hellwig’s incidence for Kansas. 

The discrepancy of the figures in the two series indicating fewer 
multiple nodules in the operatively removed glands than in the glands 
removed post mortem may be due to the fact that nodules were occa- 
sionally allowed to remain in the portion of the gland that was not 
removed, as would occur in simple enucleation of one nodule or in the 


TABLE 2.—I/ncidence of Nodules in the Material of Three Investigations 


Klose Hellwig Present Series 
— ~ = [ ies ———<=. = A 
Frankfort, Freiburg, Rostock, Kansas, Postmortem, Postoperative, 
per Cent per Cent per Cent per Cent per Cent per Cent 
ee i) 23 68 53 43.05 42.86 
Noduilar....... 44 77 32 47 56.95 57.14 


TABLE 3.—Incidence of Nodules in Glands Removed Post Mortem and at Opera- 
tion and Comparison of These Results with Hellwig’s Series 


Present Series 
A . 


on 
Postmortem, Postoperative, Hellwig 
per Cent per Cent Postoperativi 
Fe... _ roe 26.7 36.7 13 (27.6%) 
More than one but less than twelve...... 37.2 1 mag 20.26 ) 63.99 
More than twelve nodules................. eS ees 43.03 ) "=" 
ST ED 000 00.0500 640004o0000760860% ones awe 34 (72.4%) 


resection of only one lobe. This would seem to indicate, however, that 
the multiplicity of nodules was not increased as a result of the presence 
of hyperthyroidism, as has been suggested by Rienhoff. 

Sise of Nodules.—The size of the nodules in the postoperative series 
was distinctly larger than in the postmortem series, but they did not 
appear to have any definite size for any age period, as has been previousl\ 
demonstrated to occur during the life cycle of the normal thyroid gland.“ 
Their variability in size was just as marked in the younger ages as in the 
older ages. In the postmortem series the average size of the nodules was 


28. Klose, Heinrich: Die pathologisch anatomischen Grundlagen der Basedow- 
schen Krankheit, Bruns’ Beitrage z. klin. Chir. 102:1, 1916. Klose, H., and 
Hellwig, A.: Ueber Bau und Funktion der kindlichen Schilddriisen-Hyperplasia, 
Arch. f. klin. Chir. 124:347, 1923. 

29. Rice, C. O.: The Life Cycle of the Thyroid Gland in Minnesota, West 
Surg. 39:925 (Dec.) 1931. 
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<een to increase during puberty, to decrease during early adult life and 
to increase again after 35 years of age, reaching the maximum at 65 
vears, after which the nodules decrease slightly to the end of the life 
span. A similar curve could not be detected in those in the postoperative 
series. This would be expected, however, for here the normal cycle of 
the gland has been interrupted by disease. 

Types of Nodules——The percentage of the various types of nodules 
in the adenomatous glands is stated in table 4, which does not imply 
that each gland contained only one type of nodule, for very often all 
types of nodules were found in each gland. If one is to consider the 
glands that contained only one type of nodule within its structure, 
the proportions cited in table 5 were observed. 


TaBLeE 4.—Percentage of Types of Nodules in Adenomatous Glands 


Postmortem Series, Postoperative Series, 
per Cent per Cent 
Colloid 


a 
Degenerate.......... 


TABLE 5.—Percentage of Glands with Only One Type of Nodule 


Present Series Woelz 
— ———_.——_—————, Hellwig -—— -—— 

Postmortem Postoperative Kansas Berne Basel Wydler 
a ee ee ee ee ee 
No. % No. % No. % No. % No. Yy C 

Colloid.. eee eo 62.79 22 27. 
Fetal.. nen , = 8 9.3 12.5 12 25 147 46.9 47 9.9 64 
Mixed . es 2 2.32 7 8.75 = oe = eee ita eae 
Degenerate........... Ne 3.48 6 7.5 an a oan ated 
Multiple types....... 19 22.09 35 43.75 j 3 92 29.4 


A. —_—_—— 


c 
© € 


5 29 62 14 23.64 261 55.0 9 


166 35.0 


The significance of this difference in the various types of nodules 
in the postoperative and postmortem series can only be postulated. It 
may be that the same factors that produce hypertrophy and hyperplasia 
also produce an effect on the nodule which changes its structure from 
that of a colloid nodule to one of the other types, for it is observed that 
the colloid nodule is decreased in number, whereas the fetal, mixed and 
degenerate nodules are increased in number in the operative specimens. 
This would correspond to the idea of Graham, who deduced that other 
types of nodules are an involutional or degenerative stage of a colloid 
nodule. He expressed the belief that the development of nodules is 
dependent on a single process, and that the difference in degree of 
reversion, growth, differentiation, encapsulation, etc., offers a_satis- 
factory explanation of the gross and microscopic variations observed 
in nodular goiters. This conception makes it unnecessary to explain 
the development of nodules on a fetal rest theory. 
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INCIDENCE OF VARIOUS TYPES OF GOITERS 

In dividing the postoperative series into three groups, those showing 
diffuse hypertrophy without nodules, diffuse hypertrophy with nodules 
and adenomatous goiters, with hyperthyroidism, the percentages given in 
table 6 were observed. 

It is seen that 65 per cent were exophthalmic goiters. Thirty-three 
and eighty-four hundredths per cent of these exophthalmic goiters con- 
tained nodules within their structure. 

Lymphocytic foci were found in 9.8 per cent of the glands examined 
post mortem and in 67.85 per cent of the glands examined _post- 
operatively. Seventy-nine and twelve one-hundredths per cent of the 
exophthalmic goiters contained lymphocytic foci, and 46.93 per cent of 
adenomatous goiters with hyperthyroidism contained lymphocytic foci. 

Wilson *° has shown that there is a small but definite difference 
between adenomatous goiters that presented symptoms of hyperthyroidism 
and those that were nontoxic. In examining approximately 250 cases 
of each group, he found that in those which had presented symptoms of 


TABLE 6.—Incidence of Various Types of Toxic Goiters 


Per Cent 


Diffuse hypertrophy (exophthalmie goiter) without nodules.............. 42.85) 64.99 
Diffuse hypertrophy (exophthalmiec goiter) with nodules.................. 22.14) Pa 
AGemomMatous Goiter With NFPSTEMPFOWMIGIM. 2. ccccccccccccccececevcccsccceves 35 


hyperthyroidism, 90 per cent showed microscopic evidence of hyper- 
trophy and hyperplasia, and in the nontoxic group, 95 per cent showed 
no evidence of hypertrophy and hyperplasia. He compared the most 
marked evidences of hypertrophy and hyperplasia in toxic adenomas 
with those of exophthalmic goiter of the mildest degree, and concluded 
that in the toxic group the hyperthyroid symptoms could be due to the 
proliferative changes and increased secretion of toxic material, whereas 
in the nontoxic group there is not a sufficient amount of this substance 
secreted to cause the hyperthyroid symptoms. 


CONCLUSION 

Nodules occur as frequently in the postmortem thyroid gland that 
is assumed to be physiologically normal as in hyperfunctioning goiter 
operatively removed. The greater prevalence of colloid nodules in the 
postmortem thyroid gland may be due to the fact that differences in 
the degree of reversion, growth, differentiation and encapsulation have 
not been forced on the normal gland as strongly as they have in the 


30. Wilson, L. B.: The Pathology of Nodular Goiters in Patients With and in 
Those Without Symptoms of Hyperthyroidism, Am. J. M. Sc. 165:738, 1923 
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toxic goiter. Multiple nodules are not found more frequently in hyper- 
functioning goiters than they are in physiologically normal thyroid 
vlands. Nodules are found in 56.95 per cent of the physiologically 
normal thyroid glands and in 57.14 per cent of the toxic goiters. Forty- 
two and eighty-five hundredths per cent of the toxic goiters have no 
nodules and are manifested as exophthalmic goiter. Thirty-five per cent 
of the thyroid glands that become hyperfunctioning can be classified as 
adenomatous goiter with hyperthyroidism. The remaining 22 per cent 


of glands contain nodules, but manifest their hyperthyroidism as exoph- 


thalmic goiter. Diffuse hyperplastic goiter (exophthalmic goiter) occurs 
proportionately as frequently in glands with nodules as in glands without 
nodules. Lymphocytic foci are found more often in hyperfunctioning 
goiters than in normal thyroid glands. From these observations it 
appears that the presence of nodules in the thyroid gland is physiologic- 
ally normal, and that the incidence is not appreciably altered by the devel- 
opment of hyperthyroidism. 
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KIDNEY 

Anomalies.—Jacobs * stated that in horseshoe kidney either the upper 
or lower poles of both kidneys fuse, the latter condition being more 
common. The parenchyma of the fused part which lies anterior to the 
great vessels varies in amount. The ureters, usually two, arise from 
separate pelves and pass anterior to the isthmus, but because of their 
unusual position and curvature the kidneys are predisposed to obstruc- 
tion, infection and stone. 


Jacobs reported two cases of horseshoe kidney. In the first case, 


albuminuria led to a roentgenographic examination and the discovery 


of calculus. Bilateral pyelographic examination disclosed the lateral 
position of the ureteropelvic juncture. The isthmus was divided at 
operation, but a urinary fistula persisted due to cutting across a calyx 
in the resected portion of the isthmus. In the second case, there was 
backache and hematuria, with hydronephrosis on the left side and the 
calices directed mesially. The right kidney was normal. Operation was 
not performed. 

Operation in cases of horseshoe kidney is materially assisted by 
previous knowledge of the existence of the condition. Bilateral pvel 
grams are the best means of making a diagnosis. Abnormalities ar 
due to failure of rotation of the renal pelvis. The axis of the calices 
is median or anterior, and the ureter leaves laterally or anteriorly. 


1. Jacobs, Arthur: Horseshoe Kidney: A Report of Two Cases, Brit. M 


2:8 (July 5) 1930. 
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[Ep. Note.—In one of these cases a urinary fistula persisted after 
resection. It is only rarely that a portion of the pelvis or one of the 
calices extends down into the isthmus. If this area is sutured over, 
jstula seldom results. There have been few cases reported of fistula 
occurring after resection. In one case a large pelvic stone extended 
down into the isthmus. Accurate closure was carried out; there was no 
urinary leakage. 

As the author stated, the correct diagnosis of renal anomalies, espe- 
cially of horseshoe kidney, materially affects surgical prognosis. The 
abnormal structural relations, the unusual attachments and the unrotated 
position of the renal pelvis require a surgical approach different from 
that employed in dealing with kidneys normally situated. The numerous 
and anomalous blood vessels, and the fixity and situation of the renal 
mass necessitates accurate anatomic recognition of the condition for the 
carrying out of any successful surgical procedure. | 

Collins ? summarized the data in 581 cases of congenital unilateral 
renal agenesia, which were divided about equally between men and 
women. The kidney was absent on the left side in 318 cases, on the 
right side in 238, and the side was not stated in 25. The average weight 
of the remaining kidney in 87 cases was about 280 Gm. (normal, 150 
Gm.). The remaining kidney was normal in 281 cases, diseased in 179 
and the condition was not stated in 121. In 110 cases death was due to 
disease of the genito-urinary tract. The condition was diagnosed at 
necropsy in 439 cases, by clinical and surgical methods in 124 cases and 
in 18 it was not stated. There were anomalies of the internal genitalia 
in 338 cases. One ureter was absent in 297 cases, and other ureteral 
anomalies were observed in 284 cases. 

In 65 per cent of cases noted in the literature, congenital absence of 
one kidney was observed in subjects whose average age was 40 years; 
68 per cent of these had died of diseases totally unrelated to the genito- 
urinary system. In the presence of disease of the genito-urinary system, 
extensive surgical procedures on the urinary tract cannot be carried out, 
and the most conservative measures compatible with arresting the dis- 
ease must be instituted. 

Resection—Campbell * reported two cases of ureteroheminephrec- 
tomy successfully performed on female infants, aged from 6 to 28 
months, for ureterohemipyonephrosis. In one case an ectopic ureteral 
opening was present and at first made the diagnosis difficult. Ectopic 
ureteral openings, because of urinary leakage, usually result in classify- 


2. Collins, D. C.: Congenital Unilateral Renal Agenesia, Proc. Staff Meet. 
iyo Clin. 6:581 (Sept. 30) 1931. 

3. Campbell, M. F.: Uretero-Heminephrectomy in Infancy, J. Urol. 26:433 
Sept.) 1931. 
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ing the condition as enuresis. One of these cases is the seventh reported 
of this type in which ureteral ectopy did not result in urinary incon- 
tinence. The treatment of hemipyonephrosis is surgical. Infants with- 
stand radical operation on the urinary tract well. Proper preoperative 
and postoperative care must be taken, since severe acidosis is likely to 
develop during the first forty-eight hours following operation. 

Smith and McKim‘ stated that renal resection is possible, and when 
indicated in selected cases should include the resection of all diseased 
tissue. The presence of both kidneys is not absolutely necessary. When 
the pelvis is opened, urinary fistulas may result; with the lumbar 
approach and improved technic this is uncommon. The resected kidney 
will attempt to restore its normal rounded contour and free itself from 
adjacent adhesions. The remaining portion of the renal parenchyma 
will attempt to maintain its function, although that portion near the 
area of resection will become sclerosed due to involvement in scar tissue 
and the possible occlusion of the vascular supply. 

Smith and McKim reported 2 cases in which resection was success- 
fully performed. They emphasized the importance of conserving renal 
parenchyma and the possibility of conservation instead of complete 
destruction, after a careful analysis of the data obtained on modern 
urologic examination. 

Ptosis —Kidd * stated that the incidence of movable kidney, as shown 
by figures taken at random from outpatients at St. Thomas’ Hos- 
pital by Mackenzie, is 20 among 100 female patients, but only 4 had 
symptoms; of 515 there were 411 (80 per cent) who did not have 
symptoms. Of 400 male patients, 4 had movable kidney but only 1 
had symptoms. The condition is a disease of adult life. 

The support of the kidneys in health is intra-abdominal pressure 
which is maintained by the tonus of the unstretched muscles of the 
abdominal wall if persons have well formed chests and the upper part 
of the abdomen has sufficient cubic space to hold the heart, lungs and 
supra-umbilical viscera. Adequate support presupposes a well balanced 
neuromuscular reflex arc. Anchors of the kidneys of healthy persons 
are the blood vessels in the pedicle of the kidney, the attachments of 
the peritoneum to the posterior abdominal wall, and the perinephric fibro- 
fatty bands which suspend the kidney from the perinephric fascia. The 
perinephric fibrofat acts as a suspensory ligament and as a lubricating 
mechanism which adapts the moving kidney to its fixed surroundings. 
If the muscles fail, if the thorax grows too narrow, or if there arises 


4. Smith, P. G., and McKim, G. F.: The Resection of Localized Areas of 
Pyo- or Hydronephrosis in the Congenitally Normal Kidney, J. Urol. 25:203 
(Feb.) 1931. 

5. Kidd, Frank: Acquired Renal Dystopia or Movable Kidney, J. Urol. 26: 
327 (Sept.) 1931. 











SCHOLL ET AL—UROLOGIC SURGERY 519 


sudden trauma, the restrainers of movement or the ligament of the 
kidney become stretched and thick, and have to take an increasing share 
in supporting the kidney. Under such circumstances certain symptoms 
are likely to arise, and a too movable kidney becomes diseased. 

The following types of renal dystopia are classified according to 
their hypothetic cause: 1. The type due to lax abdominal muscles occurs 
when these muscles have grown slack, as after pregnancy, after the 
removal of large abdominal tumors, after cutting at operation of the 
nerves which supply the abdominal wall, or from lack of exercise or 
improper breathing with the abdomen instead of the thorax, and in states 
of asthenia. 2. Compression of the hypochondrium stretches the liga- 
ments of the kidney and may be due to rickets or to tight-lacing. 3. The 
ectopic or unascended kidney of the congenital type is due 
to failure of the kidney to ascend into its proper position in 
the loins during fetal life. 4. The narrow flat thorax and the narrow 
abdomen, good abdominal muscles and a weak nervous system includes 
two types, one type in which the thorax is wide but flat and the other in 
which it is flat, narrow and too long. In both types there is a narrow 
subcostal angle, without space for the supra-umbilical viscera, so that 
the liver and right kidney and sometimes the other viscera are pushed 
down into the abdomen. 

Various opinions prevail as to the advisability of operation. In 
certain instances operation is advocated in all cases of movable kidney, 
with the belief that cure will be effected not only of the renal symptoms 
but of the mental symptoms which are alleged to be secondary to it. 
Other physicans neglect the movable kidney and treat only the weak- 
ened nervous system, and still others apply certain principles for select- 
ing cases suitable for operation, with the employment of adequate 
technic. Cases of severe general splanchnoptosis, tuberculosis, chronic 
cough, disease of the heart and confirmed congenital neurasthenia are 
excluded as unsuitable for surgical measures. Cases are selected in 
which there are intermittent attacks of renal drag relieved by recum- 
bency, superadded attacks of pyelitis, a definite history of sudden onset 
after severe trauma or congenital ectopic kidney. Six months of pallia- 
tive treatment is tried in most cases. Pyelography determines the 
suitability of cases for operation. It shows whether there is a fixed 
twisting, kinking or S-shaped bend of the upper part of the ureter, as a 
consequence of which there is dilatation and ballooning of the pelvis of 
the kidney. The need for operation is further indicated if catheterized 
urine from the ureter shows that the pelvis of the kidney is infected. 

Kidd has devised an operation to insure fixing the kidney in the 
proper position. The salient points of his technic are as follows: A 
small incision is made, and the muscles are split whenever possible with 
conservation of the nerves. The incision begins in the costovertebral 
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angle and extends directly downward until it strikes the edge of the 
latissimus dorsi muscle, and then it passes anteriorly parallel to the last 
rib. The perinephritic fat is cleaned off completely, and the renal vessels 
and upper end of the ureter are denuded, so as to denervate these 
structures. The fibrous capsule of the kidney is removed from the 
upper two thirds of the kidney and rolled down over the lower third. 
Stitches are then put through the rolled portion of the fibrous capsule 
and brought out through the posterior abdominal wall up above the 
external arcuate ligament and through the diaphragm above the 
twelfth rib. The patient remains flat on the back for ten days, and 
the foot of the bed is elevated on blocks. When the patient arises 
from bed, a course of abdominal exercise is prescribed. 


Tumors.—Prather and Crabtree * reviewed 111 cases of the mixed 
embryonic type of renal tumors among children. Approximately 77.5 
per cent of the tumors were of the embryonic adenosarcoma group. 
Other types in the series were round cell sarcoma, spindle cell sarcoma, 
myxosarcoma, leiomyo-adenosarcoma and rhabdomyo-adenosarcoma. \ 
moderate number of the adenocarcinomas contained cysts or revealed 
cystic degeneration. Forty-six and one-tenth per cent of the patients 
were boys, and 53.9 per cent were girls. The average age was 2.7 
years. The relative incidence of tumors of the kidney to tumors in 
general is 20.4 per cent among children, and 0.5 per cent among adults. 

A mass is usually the initial symptom; hematuria and pain are less 
common. In the 111 cases the first symptom was a mass in 80.1 per 
cent, hematuria in 14.5 per cent and pain in 5.4 per cent. 

The treatment of mixed tumors of the kidney of children is earl) 
complete excision, although the absence of symptoms often makes this 
impossible. Surgical removal of the tumors is not particularly difficult, 
due to the fact that they are still encapsulated. There is a tendency for 
the growth to adhere to the peritoneum and large intestine, the latter 
being displaced mesially. Three methods of approach are employed for 
removal of these kidneys: lumbar extraperitoneal, median line or rectus 
transperitoneal and lumbar peritoneal. Of the operative procedures 
described since 1924, 67 per cent were done by the transperitoneal route 
and 33 per cent by the lumbar extraperitoneal route. The type oi 
incision does not seem to influence the rate of mortality or end-result. 
Radium and roentgen rays have been used, but not with satisfactory 
results. 

Wheeler estimated that 80 per cent of tumors of the kidney recur 
within a year. Warner estimated that the immediate and remote mor- 
tality is from 70 to 90 per cent. In the series of 111 cases, 12.3 per 

6. Prather, G. C., and Crabtree, E. G.: Kidney Tumors in Children, J. Urol. 
25:589 (June) 1931. 
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cent of the patients lived two years or longer following operation, 18.4 
per cent died within a month of operation and 69.3 per cent of those 
who survived operation for one month or those who were not operated 
on. were dead in fifteen months. Although the general outlook in these 
cases is not favorable, the cures from operation are sufficient to encour- 
age the procedure in the cases in which the growth is not unduly large 
and is not broken through the capsule. 

| Ep. Nore.—The outlook for cure of children with mixed embryonic 
tumors of the kidney remains relatively poor. Early diagnosis consti- 
tutes one of the most difficult phases of the situation. If the tumor 
could be removed at the beginning of its clinical course, the chance of 
cure would be fair. It is the uniform opinion that radiotherapy has little 
to offer in this field. 

The frequency of renal tumors during childhood as compared with 
neoplasms in general during this period is noteworthy and could well 
he emphasized in campaigns for education concerning carcinoma. The 
advantage of frequent health examinations of children might be stressed, 
and renal tumor could be included in the lesions to be looked for by the 
examining physician. | 

Sanford* reported a case of carcinoma of both kidneys. Right 
nephrectomy was done as the only possible means of prolonging life. 
lhe upper pole was covered with new growth. A section showed that 
the kidney was invaded with groups of tumor cells which were arranged 
in cordlike and alveolar formation. In certain areas the cells were 
somewhat transitional, as though they had originated from the pelvic 
mucosa. A diagnosis was made of transitional cell carcinoma of the 
kidney originating from the pelvis. Three weeks after operation the 
patient died of uremia. At necropsy, the left kidney was found to be 
larger than the one removed at operation, and its upper and middle 
thirds were entirely replaced by a closely packed carcinomatous mass, 
the gross appearance of which was different from the scattered nodules 
of tumor in the other kidney. 

Orr found that in 7,207 necropsies made in a period of thirty-six 
vears there were 1,046 cases of malignant disease among which were 
S of multiple malignant tumors. In a period of thirty-five years, Jung- 
hanns found that in 36,408 necropsies there were 4,192 cases of carci- 
noma, of which 19 were multiple; 11 patients were men and 8 were 
women. In none of these cases were both kidneys carcinomatous. 

Bilateral primary malignant renal tumors include sarcoma, nephroma 
and carcinoma. Statistics of their relative frequency vary widely and 
are confusing. Paul stated that bilateral primary malignant renal 
tes 


tumors are more common among children than among adults, and that 


?. Sanford, H. L.: Carcinoma of Both Kidneys, Surg., Gynec. & Obst. 53:360 
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50 per cent among children are bilateral. Jacobi found 8 cases of 
bilateral tumor among 41 renal sarcomas. WKuester reported that of 607 
malignant renal tumors, 13 were primary bilateral growths. Nicolich 
reviewed from the literature 19 cases of apparently primary bilateral 
malignant renal tumors, in 18 of which sarcoma was present on one or 
both sides. There was no instance of bilateral carcinoma. Kapsammer, 
in 69 cases of renal tumors, found 3 primary bilateral tumors. 

Morelli * reported on a histologic study of 6 clear cell renal tumors 
Two of these tumors were composed of clear cells arranged in cords, 
greatly resembling the suprarenal cortex ; these were classified as hyper- 
nephromas. Three were composed of clear and opaque cells in tubular 
and papillary formation, and were designated clear cell adenocarcinomas 
One tumor was mixed adenocarcinoma and hypernephroma. Morelli 
reserves the term “‘hypernephroid” for tumors the histogenesis of which 
cannot be determined. 

Hydronephrosis—Fister and Smith® reported 2 cases of hydro- 
nephrosis associated with aberrant vessels, and noted that the first 
symptom of the condition may appear in infancy. The onset of symp- 
toms of hydronephrosis associated with accessory renal vessels is usuall\ 
during early adult life. 

Opinions vary as to the part these vessels play in the production of 
hydronephrosis. There are three definite methods by which it may be 
possible for abnormal vessels to cause urinary stasis leading to dilatation 
of the renal pelvis: 1. They may act as a mechanical obstruction in the 
presence of movable kidney or of infection of the kidney and pelvis. 
2. They may cause the formation of extra-ureteral adhesions, and in 
some cases there may be actual ureteral stricture at point of contact. 
Repeated reinfection of the pelvis of the kidney unquestionably pro- 
duces periureteritis at the point of crossing of the aberrant vessels, 
resulting in adhesions and fixation of the ureter. The periureteral 
adhesions cause narrowing of the ureter which produces urinary reten- 
tion and hydronephrosis. Continued infection and ureteral irritation 
eventually will cause actual stricture due to proliferation of connective 
tissue. 3. According to Quinby, the presence of an anomalous vessel 
in contact with the ureter is sufficient to cause inhibition of ureteral 
peristalsis. 

The following are some of the symptoms that might suggest the 
presence of aberrant renal vessels: repeated attacks of pvelitis ; absence 
of calculi; normal urination; normal catheterization of the ureters; 


intermittent attacks of renal colic; pyelographic evidence of dilatation 


8. Morelli, M.: Contributo allo studio dei tumori renali denominati iperni- 
froidi, Arch. ital. di urol. 7:303, 1931; abstr., Am. J. Cancer 15:3024 (Oct.) 1931 

9. Fister, G. M., and Smith, E. H.: Aberrant Renal Vessels in Children, ] 
Urol. 26:175 (Aug.) 1931. 
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of the pelvis of the kidney with a ureteral kink, or narrowing of the 
upper part of the ureter; a v-shaped retraction of the ureteral orifice, 
as seen through the cystoscope. A palpable soft tumor is demonstrable 
in most cases. 

Surgical measures are indicated in most cases of hydronephrosis 
associated with anomalous vessels. Conservative treatment does not 
afford much relief in advanced cases, and operation in the early cases 
might often save the kidney. Conservative surgical treatment which 
removes the obstruction and reestablishes free drainage of urine usually 
is sufficient in the early cases. Division of vessels, band or adhesions, 
transplantation of the ureter away from the vessels, nephropexy or 
plastic operation on the ureteropelvic juncture will relieve the symptoms 
in some cases. Primary nephrectomy is necessary if much of the kidney 
is destroyed, and if a serious infection or calculi are present. 
toms in childhood has not been sufficiently appreciated. The clinical 
picture in this article is excellent. It is generally agreed that noncal- 
culous obstructions at the ureteropelvic juncture should be explored 
surgically, if conservative treatment by cystoscopic methods does not 
afford prompt and prolonged relief. Many such obstructive lesions 
will be found associated with anomalous or aberrant vessels. Division 
of the vessels and proper attention to drainage of the pelvis into the 
ureter by pelvioplastic operation, renal fixation, or both, are procedures 
which, if undertaken early, will save many kidneys that otherwise would 
become destroyed within a few years. | 


[Ep. Note.—The fact that aberrant renal vessels may produce symp- 


Stones—Herbst *° stated that recurrence of renal stone after con- 
servative operation for its removal occurs in more than 15 per cent of 
cases. True recurrence is a new formation of stone after its complete 
removal. False recurrence is the persistence of stones missed or omitted 
at the time of operation. 

Concentration of the urine is an important factor in the develop- 
ment of urinary lithiasis, since it is more commonly found among per- 
sons living in dry, hot zones. In certain areas where the temperature 
varies from 100 to 130 F., urination is uncommon, since most of the 
water is eliminated by the skin; the incidence of stone among the natives 
of this region is almost 100 per cent. Operative trauma, formation of 
cavity and disturbed drainage with infection are the most significant 
iactors in recurrent renal calculi. 

\ny disturbance of the renal parenchyma in the removal of stone 
favors recurrence. Pyelotomy, when surgically possible, is a better 
surgical procedure than nephrotomy. Cleansing of the pelvis and 
calices following the removal of stones is important, as sand, small 


10. Herbst, R. H.: Recurrent Renal Calculus: Its Cause and Prevention, Am. 
J. Surg. 12:58 (April) 1931. 
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particles of stone, fragments of tissue and blood clots which are not 
washed away are possible sources of recurrence. All cavities in the 
kidney should be lavaged with a solution of sodium chloride before 
the operation is completed. Incrustations should be removed, and ij 
ulcerations are present, they should be curetted. The drainage from a 
stone-bearing kidney following operation must be adequate. Narrow- 
ing at the ureteropelvic juncture is a common factor in the causation 
of stone, and should be corrected at operation by thorough dilatation 
or possibly by plastic operation. It should be dilated subsequently ij 
narrowing recurs. 

Because of the part infection plays in the production of stone, an 
attempt should be made to remove all possible foci of infection before 
any operation on the kidney is undertaken. The infected cavity should 
be resected if surgically possible. In cases of severe pyonephrosis due 
to calculi, preoperative drainage and lavage by means of the indwelling 
ureteral catheter may be means of cleansing an infected organ and of 
reducing the operative danger and the possibility of recurrence. In any 
preoperative roentgenologic study, stones are likely to be overlooked 
because they fail to produce a shadow on a film taken with the kidney 
in the body, or stones may be superimposed on one another, producing 
one shadow. In removing a stone, especially with instruments, a small 
piece or pieces may be broken off and left behind ; these promptly cause 
recurrence. They may be seen on the film but not at operation. Prac- 
tically all of these conditions may be avoided by fluoroscopy of the 
exposed kidney before its replacement. 

Von Lichtenberg *' stated that, in rooms in which he performs opera- 
tions for renal lithiasis, the walls and shades are dark, thus favoring 
the discovery of stones which may have been left. In the last two 
years the film method of control has been used to ascertain the situa- 


tion of stones. A special forceps, shaped like the kidney, is used to 
draw out the kidney. This instrument has an addition which shows up 
readily on the plate, and in that way facilitates the recognition of the 
stone. Although the casettes and forceps may be boiled, the author 
believes that the asepsis of the operation may be disturbed. 


Stones in the lower part of the ureter are removed by operating in 
at least 30 per cent of his cases. Early surgical intervention is 
preferable in a certain percentage of cases. 

Newcomb and Ranganathan ** analyzed 226 urinary calculi. Seventy- 
three of these were so small that microscopic methods were necessary. 


11. von Lichtenberg, Alexander, in discussion on Kidney and Ureteral Stones, 
J. Urol. 25:181 (Feb.) 1931. 

12. Newcomb, Clive; and Ranganathan, S.: The Composition of Urinary 
Calculi, Indian J. M. Research 17:1037 (April) 1930; abstr., Ztschr. f. urol. Chir 
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\J| but 5 of the stones were from the bladder. The average composition 
was 24.9 per cent calcium oxalate ; 7.4 per cent calcium phosphate; 6.9 
per cent magnesium ammonium phosphate ; 6.2 per cent protein ; 49.7 per 
cent uric acid, and 4.9 per cent various other salts. The latter consist 
chiefly of carbonates and insoluble ash, and sulphur was found in traces 
in some stones. Only 26 (11.8 per cent) were pure or uniform stones. 
The remainder were mixed; the most common combination was urates 
and oxalates. Urates were found in 187 stones (84.6 per cent), and in 
120 cases phosphates were found. The vesical stones were the most 
mixed in composition, the majority containing a combination of urates or 
uric acid with oxalates. Of the pure stones, uric acid stones were most 
frequently found (6.8 per cent). Urates were found in 53 per cent of 
the stones, oxalates in 17 per cent and phosphates in 12 per cent. 

The small number of renal stones, 5, is indicative that such cases are 
not common in India; the converse is true in America and Europe. 

Price and Jacobs ** recorded a case of primary squamous carcinoma 
in a hydronephrotic kidney with renal stones. 

The patient, a laborer, aged 54 years, complained of pain in the 
lumbar region. A large mass could be felt in the left side of the 
abdomen, extending from under the left costal margin down to the iliac 
region. The urine contained albumin, blood and pus. Roentgenograms 
disclosed shadows of at least 11 calculi of varying dimensions in an 
area extending from below the iliac crest upward to the level of the 
second lumbar vertebra. At operation, the kidney was exposed through 
a curved lumbar extraperitoneal incision. The organ was large and 
extremely difficult to deliver, but this was successfully accomplished after 
resection of the twelfth rib. Following division of the ureter and liga- 
ture of the pedicle, the kidney was removed without further trouble. 

The removed kidney measured about 18 cm. from pole to pole and 
about 11 cm. in its greatest transverse diameter. The surface of the 
organ was coarsely lobulated, and it was obviously cystic and contained 
fluid. On hemisection the parenchyma was found to be practically 
obliterated, being reduced to a thin shell of tissue not more than 1 mm. 
thick. In the interior of the organ were large cystic spaces, separated 
from each other by attenuated renal substance and containing fluid. 
The region normally ocgupied by the pyramids contained a quantity of 
dense, partly embedded fibrofatty tissue, in which were a number of 
large irregular calculi. At the lower pole the dilated calix was partly 
occupied by a cauliflower-like tumor about 5 cm. in diameter. In the 
center of the tumor were two irregular spaces occupied by a number of 
small faceted calculi. Distributed irregularly in the fibrofatty tissue of 


13. Price, L. W., and Jacobs, Arthur: Renal Calculi with Squamous Carcinoma 
Hydronephrotic Kidney, Brit. J. Surg. 28:590 (April) 1931. 
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the central portions of the organ, but occupying chiefly the lower half, 


oO 
S 


the lower pole of the kidney showed the structure of a squamous cell 
carcinoma. This probably arose in the epithelium of the lower calix, 
which had undergone squamous metaplasia, as the transitional epithelium 
in this region showed hyperplasia and in places a definite tendency to 
assume squamous characteristics. 


were several large calculi. Sections of tissue from the tumor occupyin 


[Ep. Nore.—There are two types of squamous cell tumors arising in 
the renal pelvis; in the first type the parenchyma is invaded early, the 
kidney is solid and compact, and the parenchymal tissue becomes com- 
pletely replaced by carcinoma and irregular masses of fibrosis; in the 
second type the growth is confined to the pelvis, the kidney is extremely 
large and hydronephrotic with pressure atrophy of most of the renal 
tissue. It is possible that in certain cases the development of the carci- 
noma of the pelvis may precede the formation of stones. Hallé main- 
tained that the metaplasia does not result from irritation of the stone, but 
that epidermization and calculi both result from the same chronic inflam- 
mation. The stones in the pelvis may be extremely large, and of the 
staghorn earthy-phosphate type. These tumors are comparatively symp- 
tomless. When obstruction occurs, it is from gradual slow occlusion and 
is almost painless. In contrast to papillary tumors, the squamous cell 
carcinoma rarely bleeds. The mortality after operation, usually 
nephrectomy, is high, as the patients die shortly after the operation 
from local recurrences or metastatic growths. | 


URETER 

Stricture —Campbell ** reported 15 cases of congenital bilateral 
stricture at the ureterovesical juncture. The patients were infants and 
children; the condition of 11 was discovered at urologic examination, 
and of 4+ at necropsy. The ages of the 11 patients varied from 2 months 
to 11 years, and of the other 4 from stillbirth to 6 months. 

Sclerosis, increase in localized connective tissue, scarring and inflam- 
mation, or only narrowing of the lumen of the ureter without fibrosis 
may be found. The late results of urinary backpressure with infection 
are found in the elongated, angulated, tortuous, atonic scarred ureters 
and in the thinned sclerosed and infiltrated renal tissue. The symptoms 
are due to infection and to loss of renal function, pyuria being the out- 
standing objective symptom. Patients usually are treated for chronic 
pyelitis because of persistent pyuria. In Campbell's cases, the colon 
bacillus was the predominant invading organism. Gastro-intestinal 


14. Campbell, M. F.: Congenital Bilateral Uretero-Vesical Junction Stricture 
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upsets, fever of low grade, anemia, malaise, loss of weight or failure to 
cain weight are common symptoms. Pain is rare, and if present usually 
is localized to the loin and is due to hydronephrotic distention. Inflam- 
mation of the secondary vesical outlet causes frequency of urination, 
burning, dysuria or hematuria. Persistent pyuria is the usual indication 
for complete urologic examination ; it was the only cause for investiga- 
tion in Campbell's cases. 

Two characteristic observations may be made: (1) It may be impos- 
sible to insert a catheter into the ureter; sometimes not until the second 
or third examination can even a number 4 French filiform tip be passed ; 
on withdrawing the catheter it is so firmly grasped by the stricture that 
the wall of the bladder may be pulled with it, and (2) the pyelogram 
shows a dilated ureter beginning in the region of the stricture and 
terminating in a hydronephrotic renal pelvis. Following retrograde 
pyelography, the catheter should be left in position until the injected 
material has been withdrawn. In this series of cases the combination of 
catheter grasping, hydronephrotic drip and widely dilated upper tract 
was found, making the diagnosis of stricture unquestionable. 

The object of treatment is to eliminate the obstruction. In 6 of the 
cases dilation by catheter was carried out. It is usually difficult to 
pass even a number 4+ French catheter at first; after this has been done, 
two, three or four catheters of the same size may be passed side by side. 
This technic is required by the small urethral caliber. The procedure is 
done every ten days at first; then dilation may be done once a month 
or once in three months according to the rate and degree of recon- 
traction. If satisfactory dilatation is not obtained by cystoscopic 
methods, transvesical ureteral meatotomy and section of the stricture 
may be done. Catheters are passed up the ureters as guides. Through 
the open bladder the stricture is divided against the inlying catheter and 
cut through to it. Beginning at the ureteral meatus the incision is made 
upward from 1 to 1.5 cm. Cutting the dense tissues gives the sensation 
of cutting cartilage. The incised stricture is then widely dilated with a 
number 14, 16 or 18 French sound, and a whistle tip of soft rubber 
catheter is inserted from 8 to 12 cm. in the ureter, where it is anchored 
for a week. These catheters, one from each side, are brought out 
through the open bladder, and the drainage material is collected. If the 
patient is extremely ill, with low renal function, preliminary drainage 
with bilateral ureterostomy is indicated. 

\lthough operative treatment may not always afford complete cure, 
t offers more than any other method. Medical treatment alone is not 


ac ¢ ¥y a i i 
adequate. Continued backpressure, renal destruction and uremia pro- 
duce a fatal outcome. 
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Hurst and Gaymer-Jones *° stated that the pathogenesis of enormous 
dilatation of the ureters without evidence of obstruction has been a con- 
troversial subject. It has been attributed to congenital muscular insuffi- 
ciency, inflammatory atony or to neuromuscular dysfunction. They 
reported a case of a woman, aged 33, with left megalo-ureter without 
stenosis of the lower part of the ureter, and advanced the hypothesis 
that these dilatations are caused by an absence of relaxation of the 
ureterovesical sphincter. The mechanism of dilatation is compared to 
that which obtains in cardiospasm and megacolon. It was formerly 
supposed that the esophageal dilatation and hypertrophy in the former 
condition was caused by spasm at the juncture of the esophagus and 
cardia of the stomach, but Hurst observed that it is caused by achalasia 
or failure of relaxation of the sphincter as the result of disturbance of 
the intrinsic supply to the nerves. The inert sphincter acts as an obstruc- 
tion, and excessive propulsive efforts produce hypertrophy and dilata- 
tion of the esophagus. The same mechanism applies in cases of 
megacolon, in which the hypertrophy and dilatation of the colon are 
caused by achalasia of the anal sphincter of the pelvirectal sphincter. 

From the authors’ observations, megalo-ureter without evidence of 
organic obstruction is attributed to degenerative changes in the nerve 
supply in the pars intramuralis of the ureter. This is the result of 


inflammation in the mucosa which spreads to the muscularis producing 
degeneration of nerves which progresses long after the primary inflam- 
mation of the mucosa has disappeared. On cystoscopic examination the 
ureteral orifice is relaxed and patent, and there is no obstruction to the 
passage of a catheter or “hang” on withdrawal of the bulb. 


Moore ?® reported on the clinical and roentgenographic study oi 
approximately 75 cases of ureteral meatotomy performed over a period 
of seven years, from which he made the following conclusions: 

The operation is comparatively minor but technical. The high- 
frequency meatome, when properly applied, is effectual and safe. It 1s 
possible to continue work higher on the ureter at the same sitting without 
any alarming complications. Stricture does not follow the operation. 
In a number of cases the ureteral opening was sufficiently large to pass 
number 7 and 9 catheters, after which there was temporary relief. More 
permanent relief followed wide incision of the opening. Symptoms or 
signs of regurgitation were not observed at any time after the 
operation. 


15. Hurst, A.-F., and Gaymer-Jones, J.: A Case of Megalo-Ureter Due t 
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Diverticulum.—Bugbee ** stated that diverticulum of the ureter is 
‘rely seen. It has been produced experimentally. In 4 cases it was 

wad 20 necropsy, and 7 clinical cases have been reported, to which 
the author adds 3. Three possibilities as to the etiology of ureteral 
diverticula are: (1) secondary budding of the metanephric anlage, (2) 
compensatory structure following congenital stenosis of the ureter and 
(3) acquired structure occurring late following an acquired ureteral 
stricture. 

In 9 cases of diverticulum of the lower part of the ureter a ureteral 
catheter was obstructed in its passage, and in all except 2 cases roent- 
senograms taken afterward showed the catheter coiled in the diverticu- 
lum. The diagnosis was verified by a ureterogram in each case. 
Congenital diverticulum of the ureter may be present and not lead to 
investigation until later in life when symptoms due to infection or to 
the formation of calculus arise. 

The treatment for diverticulum of the ureter usually is surgical, as in 
8 of the 10 reported cases. Two patients were relieved by dilation of 
the ureter and intra-ureteral manipulation, to establish freer drainage of 
the diverticulum. 

Infection —Dourmashkin '* stated that empyema of the ureter does 
not occur except in the presence of a preexisting diseased state. The 
local pathologic changes are marked periureteritis, dilatation of the 
ureter and firm adhesions of the stump to the surrounding tissues. 
Besides pus, calcified material was found in one of the cases in which 
operation was performed by Hyman. 

Dourmashkin reported in detail 4 cases of empyema of the ureter. 
There were no symptoms of irritability of the bladder, and the voided 


urine, ordinarily purulent, would in some cases be clear temporarily 
because of closure of the sac. Pus exuding from the ureteral orifice 
on the nephrectomized side, as seen through the cystoscope, does not 
necessarily indicate the presence of a dilated ureter filled with pus. In 
one case a diagnosis of empyema of the ureter was made because of thick 
pus escaping from the orifice of the ureteral stump. The presence of 


pus was due to a stone just below the ureteropelvic juncture which was 
t removed at the time of nephrectomy. 


not 


Clinical cure was affected in one case by cystoscopic manipulations. 
Che orifice was enlarged by a fulgurating spark and the sac drained and 
irrigated with antiseptic solutions. Five years later, examination 
revealed that the urine was normal and there were no other symptoms. 


Bugbee, H. G.: Diverticulum of the Ureter: A Report of Three Cases, 
rol. 26:215 (Aug.) 1931. 
Dourmashkin, R. L.: 
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In general, the absence of vesical or other local symptoms which do not 
indicate a tendency of extension of the infection into the remaining 
kidney should be left alone. 

Draper, Darley and Harvey ** observed that intramuscular injections 
of pituitary extract and pitressin reduce the size and density of the 
pelvic and ureteral shadow, as shown by intravenous urography. ‘The 
change in pelvic and ureteral visualization is more pronounced as the 
dosage is increased. With the maximal dose (15 minims) marked 
diminution in the size and density of the shadows occurs from three to 
seven minutes after the injection. Since neither pituitary extract nor 
pitressin when injected intramuscularly produces antidiuresis in the 


face of diuresis previously induced by iopax administered intravenously, 


it is concluded that the shadow diminishes due to accelerated drainage 
caused by active ureteral and pelvic peristalsis and not to antidiuresis. 

In a clinical case of pyelitis with bilateral hydronephrosis and hydro- 
ureter, marked relief of pain followed the exhibition of solution of 
pituitary, which proved more alleviating than 4% grain (11 mg.) of 
morphine. It is possible that the clinical improvement noted was due in 
part to certain changes in the composition of the urine, as brought about 
by administration of pituitary extract. 

Tumor.—Frazer *° reported a case of primary carcinoma of the 
ureter, which was under observation for four and half years. 

Pathologically, ureteral neoplasms are similar to those found in the 
pelvis of the kidney and the bladder. The types that have been reported 
are papilloma, benign and malignant, fibroma, papillary carcinoma, 
squamous cell epithelioma and sarcoma. Primary carcinoma of th 
ureter is rare. Its presence is suspected in cases of painless hematuri: 
when bloody urine can be seen coming from the ureteral meatus and 
when the more common conditions are excluded. Varying degrees oi 
obstruction to the lumen cause secondary changes in the kidney 
Nephrectomy and complete ureterectomy, combined or as a two-step 
procedure, is the only adequate treatment. Early diagnosis and radical 
surgical measures should lower the mortality in these cases, as in cast 
of operable carcinoma in other parts of the body. 
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